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SìJÌ,!i'r-i\i.:f

l,re ha'v-e de¡nonstra.tecl that in'tr¡trnolecul¿r.r cycliza.t.ion

reac'tions of a-ryl radical-s, 'witìr ortho su.lcstitu-ents

containing C=C dor:bl.e J:onds :ln the 5-6 or 6-7 pos-i-tion

relative t.o the rac.lical centl:e, occur v¡ith qreafl ease'

i'ie have also l¡eeir abl-c.: to confirm that the redur.c-tion

of: arryl iocii<ies v¡ith trj--n-l:utylst,anna-ne proceecìs by a

radical mechani.gm.

From ¿rccu.rate t:rocìuct stuclies \¡/e tJere able t.o cst.im¿rt'.e

the rate cons.tantFj o'f - t-hese aryl radícal cyclÍzation

reac-tj-ons, and to esta-blish that siuch intrarnolecuLar rÌng

elosrrre reac'tions occul: by radícal a'btacl< at that end of the

terrninal C=C bond ¡¡¡irj-ch is nearer to the beirzene ::inq.

i{e have a.lso beet: able to estirnate the ratq constairts

of tvro j-ntrarnolecuLar 1'rydrogen-atom al:sEraction reactions of

aryl ::adicalså those probably consti'trrte the only

cluantil-clbive d¿tta availal:le for such reactions.

þ'ur'bhermore by electron s,oin l:esonance inves'L.igations

vze have observed the specLra clue t'o the cyclic raclical

intermedia'tes of intra.molecular aryl- radical cyclization

reactions n



(i-i)

STi\T'lli'iiJI'lT

This t-.hes:Ls cont.ains no mð-tel:ia1

prev:Lotlsl.¿ subini-tt.ecl for a cìegree or

d-iplorna in any LTnivêrsi-ty, ancì to the

besL. of rny J.,nov¡leclge ¿rncl l¡elj-ef , conLa-ins;

no ¡n¿rteria-L previou.sly publ-íshed or v/rit,ten

by arnother personr e>:cept v¡l-lere due referencr:

is m¿rcie in tl-le te>ct.

I,y'ïl,l,T;.\).n' li. GARÀ



(iii)

I\CI(IiI oi.,f LE D:iDì lill'riT's

I wish to e:;press my gra-t'i-tucle to

Professor Ao 'l'. J. Beci<v¿i-th for hÍs

encor-lragement clurinq the supervision

of this lvorlço f al.so i+ish to tha.uk

Dr, G. E. Gream for the interest wllich

he has Laken i-n this r^/orko

I thanl< the Com¡rouwealth of

Australi-a for a Post-Graclua'Le At^¡ard

v¡hich made this work Possible"



( iv)

PUß.LICATIOI:lS

Part of this lvorl< has beetr pu-blished

in the f oll-ov¡ing colnmunications; -

l\. L.

Chem.

J. Becl<v¡ith and trt. B, Garar J. Amer.

(1e6e)Soc. ¡ 4!., 5689

il-. Bec]<v¡ith and I,V. B' Garar Jo ,Arnero

Soco , 2L, 5691 (1959)

(see at the b¿ick)

A. L.

Chem"



PAP.T Ï

Tlí l'[ fì Ll ]l)ti c T I o]T



CHAPTER 1

TNIERMCLECULA|I. ADDITÏ ON OF FREE RI\DTCALS TO OLEFII{S



-r-

}.1. ADDTTIO}I Oii I\I,ITVI, PTÄ.I)ÏCA'LS .\iJD RET,,J\T]ID SPECÏAS

This to¡:ic will be consj-dered bri<-:fly in o::der that' it

may be contrasjted Ia'ber wit.h analoqous intrarnolecular reac'tionsn

In particular,the niain point of lrrte:rest v¡ill be the direction

of addition of a-Lkyl raclicals to unsymrnetrical.ly substituted

olefins.

Pj-oneerinq worJ< by l'.ha-ra.sch and hls school established

that good yfelds of mononeric adducts are obtained when hycìrogen
'l _1_2_bronri-dert carbon tetrachlorldeno chloroform- and va.rious

alclehyctes" are allo'wed t.o react wlth olefins in the presenc:e

of radÍc¿rl- inítiators" In each case, they p:lr-rpcsed a radj"cal

chait: rnechanism to aecour¡t for the observec.i proCucts. The

suggested mechanisn f or this.. bype of reaction involves init-ial

attack by the radical at the less h:'-ghly substituted end of

the clouble bond to f orm an intermediate radical adduct r r,r'hich

1s converted to a stable product by rardical chain tr'ansfer

with a molecul.e of the addend"
4

lniore recerrtly i{eyo Cado-qan and their co-worl<ers f out¡d

that active meth-ylene compouud$ Stlch as mal-oníc, acetoacetic

and cyanoacetic esters add t-o olefins in t.he presence of

radical in.itiators gÍ.ving mono¡'¡rerÍ.c adducts in good yields"

The analogop.s radical-in.i-tiated adciition react.ions of

perfluoroa-tlcyl íodicles to olefÍns rnrere examined itr de'bail by

Ha.szeldine a¡:d hj-s gto,rp.5 ïn 1957 }l¿rszeLdine arld Stee.le6
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reporeed that a mÍxtrrre of the trnzo possible ad<lucts obtaj-ned

from the racllc¿rl reactions of both trif.Iuoromethyl Íodide and

hydrogen bromide with trifluoroethyl.ene l'ras¡ rrt'he first

example of anythíng other than excluslve or predomj.nant (> 95%)

radical or atomic at,tack on one carbon of an unslnnmetrical

olefinrr. Their ratlonale for these results was that the two

int.ermedtat.e radical adducts, fornred by attack at one or t'he

olher end of the double bond of trÍf luoroethylene r \^7ere of

slmilar thermodlmamic stabllit,y. on this basis nelther mode

of att.aclc woukl predomlnate i horvever thj-s was in conLrast

i¡¡ith observati.ons for other olef íns.6

TÌre work descrÍbed above documents the staternent thatt

in general, intermolecular radlcal additions to C=C double

bonds proceed prçdominantly or exc.lusj-vely via the thermo-

dynamlcally rnore stable of the two possible iutermedÍate

radÍcal adciucts. Dlseussions of this topic ar@ included in

a number of stanciard t.extbooksT concerned with radical

reaction s.
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I.2, THB TIIAT'{STTTON J TN FIìBFì RADICAL ¡\DDÏTÏON

RE.âCTTOT.TS

Szwarc and gi-nks8 proposed the schemð.tic representat'ion

of the energy factors invo.lved in the addit'ion of radical R"

to an unsaturated motecule as sho\'m in Ffgure Io2,I.

R*rrv'C5;i-d. " ?\

Ï-,. .l .

i) (n-n)
in the
hy1:othetical
rrrE: 

s; i-dualr¡
i:¿tdica.l 1ì*rrlS11g tt ¡ t

E

.4
+
N
d
ç;
0)
+J
(r)
f,

n

a)(i
Ð
tl--l

o
>'
LI

rì
H

A

R+rrtruerlA

iì;\ r¿-rtjica.l-

DisLance R-A

Fj-gure Io2.I

Their explanat,ion of the above diagram was Lhe folJ-owlng:-

Molecule A is clianagnetlc and all its electrons are coupledt

thus none are avaÍlab]-e for the formation of ,the new C-C

bond which would línl< R' t.o A 1n the raciical- RJ\'. This means

L.;l j
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that racìical ììo a1:proeLching A is::epellecì ancl the encl:gl' of

the s;ystem increa-ses a,$ the clist¿rnce bet\.7een ,-1," ancl /\

clecreasr:s" On the other ha-ird, 'Lhe l:eect:ì-on tna.y be cons-tderec-l

as tak-ing place ]¡r:trireen raclj-ca-l il' anr:ì a rrresiduralrr molecule

A, Ín rv'hi-ch one elec'tron froi¡ the îY-sivs,jtern he,s J:een loca.l.izec-l

at the carbon atorn of t?re s1'be o'rî ¿r'b'ta.c]<" -'iì-i¡ c.iefinj-ttonr the

localizecl elee't-r:on Ís; ir.reveniecl fro¡n in-L.eracting vi:Lth the

othe.i: elr:ct.rons. This reac't-i-on proccìss ma¡r then be re-

¡:resented by a ì\Íorse attr¿r-ct:'-on cLÌrve i rl ¡r¡hj-ch thc onergy of

the systc-rin decreases; as 'bhe Clis'b¿itrce lì-:\ gets s";ma..'l--Le::, The

exact sha"pe of thi:; êttll.-r.ctj-on curve is iueìepr':nden't of 'Lhe

st::uctrr,re of i\ since'Lhe cent::e of re¿r-c't:Lon is, b-y def.i-ni.t-ion,

isolated from the rest of: the mo-l-ecr-r-1e. i-Ience the C-C bonci-

cllssocia't:i-on ene.cglz i.n the hy¡:othetic¿rL ra-ilÍcal tì-:i rrresi<lu.a1'l

is a cons;tant, ivhi-1-s'L. Ð(R-i:\) in the rrrea.lrr ra-c--1:Lca.-l- lìfl' cloes;

depenrJ on the structure of An ilhe ,latter valu-e :Ls given by

the clif:ference in the levels of R/to 'rreal-r' (not shov"'n j.n l¡'Lgure

L,2"I) ancl R." + A, whil-e the:îormer j-s gi.veu by the c.lifference

in the -l-er¡ells o-Í iìAo rrresichr.al'r (tne bott.om of the l,iorge cì-li:ve

in llì-gure 1-"2"T.) ancl R' + l\ rrresi-clr.ial"o The energy o:i iìA'
Itreal-" is-r l.ess 'L.han t-he enerq)' of Ìl;\" '¡resiclualrr because of

chançJes -i.n the interatoinic clÍsta-nces j-n the I'real'r racì:Lcal,

v¡irii-st those in the ilresi-dur.a.J-rr r¿rrlical are 'hhe same as in .uhe

íso-'l-a.''cecl irrol-ecule l\, .by nartrrre of the clefi-niti-r:n,

They suggestec'ì, fr-irth.errnore, that the point of i-nte-:r-
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seetion of the i:epuls-ion and attraction c]-lrves relrresents the

transition st.ate Írr the acl<iition reaction. This ltleans that

the atomic fr.amervo.rk of A retnains t,he same irr the lnitial ancl

in the tr¿rnsit,ion st,ate, with the exceptÍon of t'he corrf j"g-

uration around the raciical cent-.re. The helght of tlre inter'-

sect.ion point in::espr:ct to the R"+ Ä leve1 is t-he activaticrt:

energy of the process"

It was proposed that r'¡hen the react.ion c'f a dÍfferent'

Sul:¡,;t-rate At v¡ith the $ame radica-l Ro i-s corìsÍdereci, Lhe only

change rr¡ill lte the relat.ive pr:sition or-- tho Coulom'l¡ic

repulsÍon curve *itl-t respect to tþe attractlcn curve (see

Irigure 1'2.T) " Consecluerrtly variations Ín the act:Lvatl'on

, energ\¡ .rre caused by valriations in the relE:vant locallzation

energies.

An ill-uE;tratlve exarnple of the al¡ove proposal. inay ]æ found

in the rvorlc of szwarc a-nd his collaborators"gtlo They

examinedtheactivati-otlenergiesandtheentropiesofactiv;rtion

of the addft.j-or¡ of trifl.uoro|nethyl radica.ls to a ntruiber of
' s ._IO
termirral ol-efins in g'as' and tiquicl''" p1"rase. They found that

2, 3-dimethyl.-J-, 3-bu.L.acliene (A' Ín Fi.gure I " 2.I) was 2OO timr:s

nore reactj-ve tolvarfls trifluororoeLhyl raclical additÍon t'han

v-tnyl fluoricle (n in Figure 1"2.I) " The c¡¡lculatecl dif fe::euce

ln the actir¡aiion energies of these two reactiorrs v¡as 3,4 ]KcaL/

molei only a very small differencL? was observed ín the

respec.tive entropies of activationo It ís qr,rite clear t'ha't
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the localization errergy crf 2, 3-dj"meLhyl-1, 3-butacìiene sTroilld

be much smaller than that of vinyl fluoriden si-nce fn the

former the other e.1.ectron, froin the doul:Ie bondo v.zhich is not

resfding at Lhe reaction centre Ís si:abilized by resonance t

no such st¿rb-i-Iization 1s available in 'Lhe cace of vinyl
fluoride.

1lSzwarc-- atternpted to deduce the <ii-rec'i:ion c¡f approa-ch

of the attarcicing speeies toivarãs the react-ive site of the

clouble bonci" The A fac't.o::s for the a'dciíti.on of methyl

radicals to glq- ancl '_L,rlêgç-st.ilbene were used as the basÍs

of this work. T'hey considererl two exireine modes of approach,

that is, either in a dírectlon perpendicular to the nodal

plane of the C=C dou.ble boncl¡ of along the C=C axis, They

suggested that app::oach perpendÍcularly to the nodal plane Ís
hindered only j.n the case of the c-.Lq isoner; they reasonc¡d

that in the event of such an approach the A fact.or should be

considerably snraller for the reaction of c'is-stilbene Lhan

that for the reactj-on of the tqa¡lË isonrer" The exper:imen-.

tally determined A factor for the c{g isomer v/as in fact
somei.¡hat, higher tl:an that, for tÌ:e !åLr1å isomeri 'Lhey concluded

that preferentiaL approach should be ;rlong the C=C axfs.

In a later corn-munlcation Þiatsr.rolca and Saoar"'Ì2 report.eci

the secondary deuteriu.m effect, in the addj-tion of methyl

ra-dica.ls to styrene and o(, F , F -tricleuL.erosty'rene. They
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calculated that, a chanqe j-n configuration at the reactÍon cenüre

from trigonal to tetrahedral should lead to an isotope effect

of I.82. The experimentall-y deterrnined va.lue of the isotope

effect v¡as about 1"1. They concluded, therefore, that onJ'y

a slight deviatÍon occurs in the configuration of the t'ransi-

tion state from that of the in1tlal state. The smallness of

the effect observed was taken to indicat,e Lhat the incipÍent

c-cH3 bond, formed in the transition st.ate, 1s comparatively

Iong, ancl also that, the formerly aCvocated concept of radical

approach along the C=C axisll is <lefinitely erronêollsr

Tn a review tltled:- 'rstereochenÍstry of Free Radical

¡lddition t.o Olef ilrsrr, Bohm and a¡e1113 favoured the viev¡ that

radicals attacking a double bond approach lt from a directlon

perpendicular Lo the sigma-bond of the bgnd in questi.on.

They stated that. such a vÍew is in agreement with the

molecular orbital t,reatment' of Greenwood.14
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I.3. ADDTTTON OF ARYL R/.\DTEÄLS

The arylation of olefinic compounds by ciiazbnÍum halides

t{ith copper salt catra"lysts is }<nown as the 'rMeerwein reactior}rr.

The following free-radical mechanj-srûr whj-ch has been

suggestedls for the Ì,teerv¡eín reactlon, 1s included Ín

R.onclestvedt's16 comprehensive review on this topic:

+ArN2- + cuc}2 ----Þ l\r-N=N' + cucl2

Ãr-N=N'

Ar

ll
¡å,r-C-c " + CuCltt

+ Ar'+N
2

tt
-+ /\r-c-c'

ll

rl
+ Ar-e-c-cl + cucltl

I

I

I'+e
I

2

These reactÍons are ttre best documented exampJ-es of. the

acldit.ion of aryl radicals to ol-ef ins.

Recently l^Jerner and RuchardtlT presented further evidence

in favour of the free-raciical nature of the Meerr,r¡ein reacti-o¡r.

The applÍcat.ion of electron spin resonance spect,roscopic

t,echniques to the ot¡servation of radicaL int,ermediat,es in these

radical acldition processes wilI be discussed lat,er.
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II\TRT1J4OLECULAR ADDITION OF FREÐ R/\DICALS TO OLBFÏI\S .
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2.I 
"

CYCLTZATION OF RADTCALS FORI1E-l) RY FRiIE Iìz\DICAT,

ADDÏTÏ TO T]1R,T"ÍTI{.AL DTINIIS

The course of these reactions may be represenCed Ín the

abbreviated forn as shown in Scheme Z.I,Ie l.Il'ìich, hor^rever does

not. show the l:1 and the 2:1 uncycllzed adclucts thaL are also

formed in these reacLions.

-c'lt

-+
a

z

Y-Z

zI

a,z

zz

-q,5

\

a

!

I 
,--

¿

me2 I.
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Radic¿r.lpolymerizat'ionreactiotrsofheptadienegwere

s.Ludied by several r,¿orket*rrB who report€d that the pollnners

fo::rnecl cont.ainecl only 6-mem]:ered ríng u'nits'

cadogan n Ttey ¿rnd their co-\.Iorket"19'20 t"*. Lhe first to

study this {:ype of reaction tlnder ccndj-tions whÍch led to the

fornration of mainly Ìlonomerlc products. They irtyestigated

the radÍcaL-initia{:ed add.it,lcn of thiols (y-z = H-SR) to et}ryl

diallylacecat,e (Ir){ = ci{corllt) (schene 2.I.I) ' Tn a note

pub-lished recently, theylg report,ecl that (5rX = CHCOTEt¡ lf =

U, Z = SFt) v,/¿ìs the only cycl.ic product formed in t-"he reaction"

,.llris tneans tliat the radieal (2rli = CFICO2ËIr Z = SR) cycliz:es,

exclusively¡ by attack at the l-ess hicJhJ.y substitut'ed en<ì of

the C=C clouble bond to give the substitut.ed cyc-lopentylmethyl

raclical. (3rx = cl{co2jutr ,z = sR) i conversj-ou of (3) {-o (5)

occl-trs bl/ h)rdrogen-atoin transfe::: v¡ith the thiol (il ,- SR') '
They diil r:ot rletr:ct (6r,.1 = CHCO2E¡¡ Y = Ht Z :: SlR) anìollgis1-

the prociuci-.s wl1en 'the reaction mixture was ana-lysecl by gas

chrorrratograS>hy" They stated t.hat their earlier resu:l-tsr20

in whÍch the structure (6) v¡as assigne<ì to one of the reaction

prîociucts, were definitely erroneouse

Brac"2l exami¡erJ alnalogous cyclization reactions of

radicals prodrr.ced by the addition of perfluoroalKyl- radica-l's

to a number of dienes (lrX ' cr',rro'cFIco2Ët'rc (corirt) r) '
(Scheme 2.1-"I) fn all câsjos¡ apart from t'he e>cpected L:l-

ancl 2:I uncyclízeð adclncts, the proclu.cts obtaÍned are
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represented b"¿ the struc'Lure (5); This shows that cycJ-izatÍon

of (2) produced the raclj-c.el intermedia.te (3) exclusir¡eIy..
It was also notecì that cyclic products r/¡ere not formed fn the

react.ton of perfluoroallcyl radÍcals with 1r7-octadiene (lrX =

3H2CÍIZ) and 1r S-hexadiene n Radical-in j-tlated addition of
carbon tetrachLoride (v-z = cl-cclg) to 1r6-heptclciiene (lrx -
cH2) also gave only subst.ituted methylcyclopenLa.ne cycl-lzatlon
products including (5rX = ci.I2, y = Cl, z = Ccl3) and sonìe

telomers consÍsting of only S-membered r5-ng unj.ts.
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2,2 " CycLIZ.¡\TrOi{ IìDA.C'I'IOI'iS OEr Ri¡.DTCAI,S FOrRi\i¡D RY

AllSTiìACTIOi\i OF r:ú\ ACTf VAîED iJYDllO.JIìN.ATOI',i

Ju,tia and hj-s collaborators22-35 h.,r. been examining the

radtc¡;I-initiateci cyclizatlon reaeb.Íons of various ac'tíve

methylene compoltncls contalning sultably disposed C=C clou.ble

bondso Some simple examples are shown in Scheme Z.?.o'-t.

JurIia anrJ Maurny34 reported tha.t radical (B), forrnecl by

hycìrogen-atom abstraction from ethyl 2-cyano-6-heptenc¡-rte (7),

cycl.ized by atttnck at either end of the C=C double boird t.o

give the substítute{ cyclohexyl (9) and cyc.lopentylmethyl (10)

radj-ca1s; these ra<iicals were converted to (11) and (,I2)

respectively by hycìroqen-atom transfer from the solvent (SU).

1'hey found2T that, the homologous ethyl 2-eyano''|-

oetenoate (13) h/as eonvert'ed to the radical (14) under similar

conci:Ltions. Cyclízation of (14) gave the substituted

cyclohexylrlethyl radical (fS) by aLtack at the more highly

subst.ituted enci of the clouble bond. The product' (16) wa.s

fornrecl frorn (15) by hydrogen-atom abst.ractlon from the solvent

(s - H) " ProducLs arising from attack by radical ,l4) at

the oEher encl of the double bond were not det.ected.

V[hen subjected to the at¡ove react.ion con'Jitions, e-i:hyI

2-cya.no-4-pentenoate (17) did not give any products thert tnay

have arisen from cyclizatì-c'n of radical (1S) which must have

ïx=en present cluring the course of the reactiorr. t0
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The nrj-xture of products obta-tned from the cyclizatiori

of radical (B) prornpLed Julia to examine in detail the

reactÍons of other active rnethylene compounds in v"'hj.ch the

double bond is in the 5-6 position relati'u'e t,o the potential

radicat cent,re. ïn their latest papers Jul-i.a an<1 l,iau.my3â'35

dj-scuss, iir detailr the fact,ors whÍch j.nfluence the relatÍve
yields of tire substii:uted cyclohexane and metliylcyclopentaner

products r,vh-tch are formed 1n these radieal cyclization

reactionso I'urthermore, they found tha'E gienerat:ion of

radicaf (9) from the appropríate t-butyl peroster l-ecl to a

mixture of the cyclic products (11) ancl (I2). The r¿rdic¿rl

(10) forrnecl i.n a sim-ilar manner also gave a mixture of (.fI)

and (12) " on thÍs basls they conclude that bot.h ra.cilcal

cyc-lization steps are reversi-ble i this is true aL .J"e¿ist

for some of the reactions under consideration. F"u-rthermoz'e

they suggesL t-hat the two different mocles of cyclizalion,

in sysl-ems containÍng a C=C double boncl in the 5-6 position

relative to the radical eentre¡ can be rational.izecl in tìre

f ol-lowing manner: -
(i) Generally, radlcaL rinq closure Ís kineLicalJ-y

controlled, favourlng 5-mernbered rinq f--orm.ation.

(fi) The reactiorr rnay be brought unde.r thermodynamic

' control by equilibratÍon of the radical species

present-.'llherrnodynermic cont::ol, r"hÍ.ch favours

6-mem]¡ered ring formation, can be l:::ought into
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play bt-- the follorving fact-ors:

(a) elevated react.ion tempr.:ratures,

(b) fur.nctional groups v.¡hich s'Labil-i-zel the opÊn-

chaÍn radical,
(c) poor hyclroqcn-al-om cionatj-ng ability of the

rea.ct ion meclium,

Julia and hj-s school exploreci other aspect,s of the

cyclÍzatj-on reaetions of aetj-ve methylene compouncls v¡it.?r

sui-tably disposeci doul¡l,e l:oncls. These included their
applications to the synt.hesis of. bicycliczz^zA '27 ,28 e 30 

' 
3'l

an'J tri cyc1ic29 ring systems as well as to stereosr,:J-ectlr¡e
a '/tsynthesis"'n by aslnnrnetric indu.c'Lion. Assignments of- the

stereocherni stry of the bicyclic and tri"cyclic ring compounds-r

¿ì,re rather du.bious since they enr.ployed soveral cJegredat.ive

ste¡:s .i-n l-?re l.dentification procer-ìures" For exampJ-e they
iso.ratecl i;!.I0E-a.nç¿-1-clecarinca.rbo>,1z1ic acid in an o'verarl
yield of 7¡á froto Line raclical clzclÍzation reaction c'¡f: 2-cya¡io*
"t
5 ( A*-cyclohe>;enyl)valeric aci-d" on this evidence they

a1
assic¡ned'-' a tFLnq ring strr-rctrrre :-'or the proclu-ct o:i .l-he

cyclization react.i-on n

ru 1964 ancl ]'96'7, Ju1ia36 revÍev¡ecl Lhe earrier parts of
thj.s rvorlc in papers r¿hi-ch also summarised ,some of the other
l<noivn int.ranLolccu-lar free-radical cyclization reaction.s n

RecelnL.ly, Beclcvrith3T commented on sorne as,Ðectsj of this



-t-6-

\.ror:l( Ín his relvier.¡ of ra-Ci-cal re¿lctionso

fntr¿rmol.ocular cluc-l-j-2¿¡ion i:e.tctj.ons¡ of a]<lehydos

cont-.rininq su.Íterbly clÍsposed C=C c'louble l¡onds h¿rve been

ol:served in a f ew i.nstã.ncês ¡

Julia and i:r.au.iny34 :fourn,J that cyclohe:(¿r.none (22) \{ês the

only cyclic ¡:roc'h-rct from the pero><ide'-ini'L.i¿rted reaction of

S-hexerral (l-9); Lha-:b j.s by attack of the a-cyJ" ra.clical- (2O)

on'Lhe les;s hicThly sr-rbrstítuted end of lihe C=C double bond"

(Sclrerne 2.2.T-I)

lì-r-l-ou ancl tri-s co-\,/ol:l<et*38 nob,ecl tir¿rt the reacti.on of

2,2 r 3-Lrínr.etlr.yl-3-cyc1oi)enLene-1-¿rcetaldehyde ( 23,)-{- = Ci{S )

gave trvo cycli.c 1:roducts (26;{. = CFI') anc.l (2Br:< - CI-I3) in a

ratj-o of 95¡5" This me¿:.ns thai: formation of the secondary

raclj-c¿r1 (25r:ç = CFi?) via a 6-r,remberecl 'b.ransiÈion s;tai'ce is

favor;red over the formaJ:ion of the tert.j-ary radical. (2,7 rx =

CH") vi¿r a S-:nembered transition siLate. (Scheme 2,2.T I)
J

on the other hantJ, I-tonthear:d39 :,:ounci t1-la-t in Lhe anal-o-

glous reaction of 2, 2-diinethyj--3-cyclopentene-1 -acetalCehlzde

(23rK = E), the ¡rrocìlr.cts (2'or:< - H) and 27rli = I-f ) $rere

fo::nred -in equal yiei-cls, In othe.r v¡ords, c:y,cl.ízatj"oir of the

¡:.rdic¿rl (24r:< = H) to thr.: seconcl¿r::y ra.dLca1s (25r)< = Il) and

(27 ,:,.<" = lï) via 6-memloerecj anci S-:nembered tr¿¡nsj-tion sta.tes

respectively are ec{ually fac-ile i assu-l'oirrg ec1ual ef f iciency
of transfo-ri:.na{-j-ons to f j"n¿r.l i>roducts (Schero.e 2o2.T:i) 

"
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the pero:<Íde-initiateci cyclizatfon of c-j-tronel-l.al (29) v¡as

?ofc¡und" to proceecl vi.r the 6-rnemberecl cyclic radical (31)

to give (32) (Scþeme 2.2nII), Products arisitlg from the

attack- of the fntermecliate radical (30) on the o'Lher enci

of the C=C doul:le l:c¡nd, result-i.ng in 7-mernbered ::.i.ng

forrnationn vJere not detect,ed.

Tt. Ís lnteresting t.o eonsi-der the resulLs oÏ.:taineci by

Pines ancl Ïris co1la'Joo::*toru40 whc¡ examined the paroxicìe

inítlated reactions of a homologous serj"€:s of \U -phenyl-I-
alkenes (330n = 213n4r5) (Scheme 2.2.lTI). Prod'.lcts

obtained only from j-nt.ramolecular cycJ-Ízat.ion react:ions,

l.eading to m.onomeric corrrpounds, v.¡ill be discussed here,

They reported ttre foJ-lowing:

(f ) 4-phenyl---l--butene (.33rn = 2) did not fortn any

cycllc p::oducLs.

(ii) 5-phen1'l-I-penterre (33rn = 3) formeci cycl-opentyl-

benzene (38r¡ * 3), presumably by cycl-i-zat:!-on c:f

(34rn = 3) to the r¿rclj-ca.l (36rn =- 3) 
"

(ij-i) 6-¡rhenyl-I*hexene (33rn '- 4) gave ¡a ntixi:ure of _c;þ-

arrd t.rallq-1-metì'ryl-2-phenylcycl-opent.ane (37rn = 4)

by r:Lng clostire of (34rn - 4) to (35rn = 4) as v,'ell

as a relatively smal-Ier cLrÌìouht^ of pheuyl.cycloì'rexane

'(38rn - 4.) by alternatlve cycllzation of (34rn - 4)

to (36rn = 4) 
"

(iv) 7-phenyl*I-heptene (33rn = 5) prcrducecl a mj.xt.ure
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of c-i--s- ancl t,qans-1-methyt-2-phenylcyclohexane (37 rn =

5) by rlng closure of (34rn = 5) to (35rn = 5) as v¡ell

as a trace amc¡unt of cycloheptylbenzene (38rn - 5) by

the alternative mode of cycllzation of (34rn = 5) to

(36rn = 5).

It, is to be understr¡cci that a1l the intermediate radical

species (35) and (36), mentionecl In paragraphs (i) to (iv)'

were converted to the observed proclucts (37) and (38)

respectively by hydrogen-atorn transfer wit,h the solvent (su).

The formation of cyclopentylbenzene from (34rn = 3)

represents one of the rare cases of cycllzat,ion of a system

in rohÍch the C=C double bond is in the 4-5 position relative

to the radicaL eentreo on the other hand, deteci-ion of

trace amou.nts of cycloheptylbenzene, formed from (34rn = 5),

is probably tire unique example of cyclizati"on by at'Eack at

the terminal methylene group of a system in which Lhe double

bond is ln the 6-7 posítion relative to the radical celltre.
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2 o 3 . CYCLIZATIOIT OF ALKYL RADT CALS G,Ði.\lEiì1r1'ED f Nl TFIE

ABSE}TCE O.Ê- START,TZ].]\iG FI]hJCîTOI]AT, GP.OUPS

Arai and his collaborators4l forrnd methylcyclo¡rentane

amongst t,Ïre product,s of the nercury sensitized ultraviolet
irradia'L,ion of cyclohexane at 4OOo. They sugçîested that
the cyclohexyl radical (39), formeci during the reactÍon, ring
opened to the S-hexenyl radical (+O¡ rqhich then cyclized to
the cyclopentylnethyl radical (+f ¡ (scheme 2.3.I ) , Methyl.-

cyclopentane ',.¡as formed from (¿f ) by hydrogen-atom transfer
rvith the hydrocarbons present in the reactj-on mixture"

a

39 4T

Scheme 2,3.-I

Gordon ana' his co-wor]<e tr42 observed the same rearrange-
ment r+hen they generated the cyclohexy-t radical (39) by means

of hydrogen-ato:n abstraction f rom cyclohexã.rre r They

photolized mixtures c¡f perdeu.teroacetone and cyclohexa.ne at

4A
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Various tempera-'bures. Tþey founcl i:l-i¿-¡.t wit'h reacti-on

temperatu..res up to 25Oo noither methylcyclopenLane nor

cyclohexei.re uIAS present Ín Lhe produCts. Betr,vr:en 300 and

3BOo both methy-lcyclopent.ane and clzclohexane vrelîe forrne<1 in

sÌ.gnifica'n't' amor-r-nts. AL 44ao rnethyJ'cl¡clopentane vtas no

longer present in the products which containecl a mu.ch l.arger

amour.nt af cyclohexãtrrê ¿ The-:y reasonecJ that, thr-'ir resr-rl-ts

inciicateci rapid reversibiJ.it.y, at hiqh temper.rtu..res , of the

cycli-za'h-ion of the 5-hexenyl radical- (aO1 to the cyclopr"+r:'b'y1-

methyl radical (+:.¡ (Scheme 2"3.T).

Gor.icrn43 has r:ev-terved this and simi,lar v¡ol:k carriecÌ out:

by hj-s group on the reactions of othr:r cycl.oa-3-ky1 radiccLJ-so

lle not-ed that the al:oveinentioneci l:ea.rrarrgement of a

cycloallcyl r¿rclical to the approprta-te cycloall<y-tmethyl r-'ac-lica.1

is unj.qrre for the c1zclolte>;yl radical, a-lt'hough lit'tIe r"ork

ha-s as yet been done on the rea-ctions of t-he cycloheptyl

radical 
"

P¡:orrlptecl iry Lhe oJ¡servations of l\rai ancì Gorcìorl a nunrber

of workers examined t-.he reactions of the S-hexenyl r'a-dical-

(aO¡ aud ¡:elat-.ecì species in r,¡hich the C=C dou.ble bond is in

the 5-6 position rela.tive to the carbon radica-l centre.

Lamb and hi-s eo-!üorke r=44 V,rêtîê the f irst to tacl<le th.is

problern by e:.,anining the <lecornposition of 6-hoptenoyl peroxide,

(42r:< = ctlr) (scheme 2,3,II).
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They found no kinetic evidence for group participation by

the double bond duri¡g tl-re thermal decomposition of peroxide

(42rX. = C1IZ), Apart. from open-chaln prodr-rcts such as 1-

hexene and 1r5-hexadiene, three cyclj-c conlpounds were

de'tected. l4ethyl-cyclopentane (45'X = CiJ2) was the major
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cyclic produc't along v¡Ítjr srnall amounLs of- cyelohe:>cane

(47 ,7, = CLlr) ancl cycloheliêncl r Geno::at j-on of cyclopeni--yl-

methyl (44, X = CIJ2) and cyclohe>"yl (46, x = CHr) raclicals

from Cvclopentylacetyl- ancl cyelohexaneformvl peroxides gave

only methylcyclopentane ancl cycl-o1ìexane respectively by

radÍcal pai:hr.','ays n This showecì that bot'h clrclizat''i'on s;teps

vrere irreversil¡le under th<: experimental concij-t'Íons" They

attempted to explain the fornration c-rf met'hylcyclopentane ä-s

the major p:locluct sf the cyclization of '[he S-hexeny]- radicaL

(43rX =. CHr). Their sugges'bed mechalrism i¡'rvolveci the ini-tia-l-

formaLion of an lnt:eamolecular compì.ex }:etween the radical

centre an<l the dourl¡Le boncl follov¡ed by hydrogell-aton transfer

:irom the solvent. ThÍs mechanÍsm, b¡¡ it's naLure, exelucles

the it"rte¡rmediacy of free cyc.lopentyJ"rnet"hyl and eyelohexyl

radicals ln the reaction.

r,amb and his col-laborator:s45 also i¡rvestj-gatecl the

deeomposiition of 3-allyloxypropj-onyl ¡>eroxl-de (qzrx = 0)

(Sctreine 2o3,TI), they found th¿rt thc'r only cyclic product

proiluced irr the reaction was 3-rnethylLe'E,rahydrofu,r.:.n (45t f, =

O). This was formed by cyclization of tlie 2*allyloxye'hhyl

radical (43rX = O) to the S-rnembe::ed -r:ing raciical- (44rX = 0)

follovred by hydrogen-atom transfer frorn the solvent.

46Tt v¿as esbablished ty Vial-Iing a"nd RabinohTitz Lhat al)<yl

radicals are fornrecl by a chain process in the reactj-ons c¡f
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{:rialky1 phosphites rvith mercaptans. USing this process'

Walling and Pearuon4T generated S-hexenyl and 4-pentenyl

radicals from ]-mercapto-S-hexene ancl 1-rnercapto-4-pent.ene

respectivelyo Ae lorv temperatures rnethylcyclopentane hTaS

the rnajor product. from the reactions of the S-hexenyl radicalsi

L-hexene was the other product" /\t higher temperagures a

very small oì.mount of cyclohexane was also cletected in the

reaction mixture al-ong vrith the abovementloned produets.

Reactions in which 4-pentenyl radicals $rere generated did not

give any cyclic products. The authors sLìggested that, from

inspection of molecr.rlar models, it was not. very surprising

that Lhe 4-pentenyl radical. clld not, cyclize. The reasotl

gfven v¡as that in the intramolecul-ar attack on the double

bond the transit,ion state Ís highly strained. They expla-i-ned

the format.ion of methylcyclopentane frc¡m the 5-hexenyl radical

¿rs bej-ng due to a steric factor, but did not, elaborate further

on this poi.nt.

Vleedon and Ïris collaborator"48 found tha'c i-r2-CLcyclo-

pentyl-ethane a-nd 1-cyclopentyl-6-hexene \¡rere Lhe r-rn.ly product,s

form-od by Koble electrolysÍs of S-heptenoic acid. They

suggest.ed that some of the S-hexenyl radicals, forrned cìuring

the react.lon¡ cyelized to cyclopentylmeLhyl radfcal.s before

radical coupling occurrecì to gÍve the c¡bserved pro<luets.

ItIo compounds arising frorn cyclohexyl radicals were fourrd,
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VJtren sul:jected to the Sarne tre.-etnetrt, cyclopentylacetic and

cyclohe><anecarJror,¡¡l1e acicls both gave the expecLed pro<lucts

by ltolbe coupJ-ing without ring openíng of t'he intermediate

cyclopentylmethyl and cycloþexyl radicalsi hence they

concluded that both radical cyclizatiotr reaetions \i7ere

irrever*sible under these condit,ions. Elect,roJ.ysis of 5-

he>',enoic ancl 7-octenoic aclcls did not g-tve any prociucts

resul'Linç¡ from cyclj-zation of the inb.ermecji-ate 4-pentenyJ-

and 6-heptenyl raclicals respectively"

Itvidence for free rac'lica1 formation by one-eleetlîon

oxi<iation of Grignard rea-getrLs v¡as furnished by l(hara.*"h'49

Lamb and his eo-worlçetu5O isol-ated a mix'ctr.re of

S-hexenol and cyclopc-:nty-l carbinol from the reaction of 5-

Ïrexenylmagnesiurn l:romide r,sith molc-¡cu1ar ov'ygen.'I'hey

reasonetl that, sonìe of the S-he:<enyl radÍcals, generated by

one-electron oxicla.tiotr of 'hhe Grigna.rd complexr vrere able

t.o cyclize cyci.opentylrnethyl racl-ì-cal-s before rapid inter-

ception of both radj-cal s¡rectes by moleculaf oxfgerìc

Cyclohexanol rvas not. deLected in the reaction rnix.ture i this

excl-ucleil the intermediacy of cyclohexyl radical.s; in the

reaction. Cycloperrtyl carbj-no1 w¿ìs the only p::ocluc't- of the

reaction of cyclopentylrna.gnesilrm lcromide with molocu-Lar

oxygeni this clei¡.onst.rateij the irreversibílity of the ::adical

cyclization step under these con<litionsn
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Larn]:S-l' ,:.lso gieïleratecl 5-¡exenyl r:ad1cals (50) by one-

electron reduction of S-hexenyl chlorfdr: (4BrX =' Cl) an<l

S-he:<enyl bro¡nide (48rX = Br) lvfth sc¡cl:i-um naphthalene (4'9)

(F:l-gr-rre 2.3.III) " Some of the S-hexenyi radicals (50)

cyclízed to cyclopentylmethyl radicals (5J-) befo::e bot'h (50)

an{ (51) rvere reducecl by excess sodl\rm naphtha-lene (+O¡ to

l-he anionÍc species: (52) ancl (53) respecL'ive11r' Protonat'ion

of 'blie anions (52) ancl (53), by the solven|r ga.ve l'-hexene

aniì methylc'ycl.opentane, the observed prr-lductsn The

possibil-ity of an ani.onic mechanJ sm for the cycl:Lz.a'b.Íon step

t:¡as rulerl ouL by the fact tha-t cycl-ic produc'ts vlere not fonnecl

when a lar:ge excess of sociium nc:.phthal-ene (49) wlìs tr,secl,

The reacLion of cyclopentylmethyl brornj.de w-ì-th (49) to g:Lr-'€)

meLhylcyclopentane a".; the orrly CU Ïryclrocarbon, shorved that

the ra-dicat cycl-i-zatiorr step vras irreversible uncle.r'.' 'Lhe:

ex¡rerimental- conditions 
"

Recently it, was: reported, by Kochi and Po,o"r*rrli2 that

atkyl hali.des are reiluced quantitat.ively þy an ethyl.ene-

dÍa-rnÍneeh.roarium( II ) r:eagent (54) ( Scheine 2,3 o I iI ) . For

exarapJ-e, the react.ion proeeecis with very ::apid bromine-aLom

Lransfer fra¡n S-hexenyl bromicle (4BrX -- Br) to thc': chrom:Lurrr

reagerrt (54) to give S-hexeny.l radicals (50). Some of the

5-hexenlzl ra.dicals cyclize to cyclopentylmethyl radj.cals (51)"

This cycliz',ation reaction competes with the rapid tra¡:ping of

(50) by (54) to girre the org¿rnometall.ic chrorni.um (rrl) compJ-ex
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(55). similarly (51) is trapped to give. (56) ' Aqueous

hydrolysis of the chromium (rII) complexes (55) ancl (56)

gives l-hexene and methylcyclopent'ane 1n quantitat'ive

comblned yielclo The formation of methylcyclopent'ane is

favourecl over that of l-hexerle at low concentrations of the

chromium reagent (54). Cyclol'rexane Ís not formed Ín the

react.ion. Irreversibility of the cyclization st'ep under the

react.j-on conditions is demonstrated by reduction of

cyclopentylcarbinyl bromlde with (54) to glve methylcyclo-

pentane in a quantit,ative yíeld, The reaction of (54) wit'h

6-heptenoyl peroxÍcie gi'ves similar results t'o those obtained

for (4BrX = Br)i 'this shows the versa-tility of the chromium

reagent. (su).
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2.4. CYCLÏZA?Ï C)N Oil ¡\T,I{YL IìAIIIC¡\LS G¿i\TER.ATJID FR.OI4

ÍTLKYL i-j À.1-,IÐ13 B:f Tì1T¡\l-,1({f-, Ài{D Tl.? '{L ST.i\iii}1.\l.las

I(uivilar" in his revie\,./ of the reactiolls of Stannànc:s

described the f::ee-radiceil chaín mechanism \^/hictt \^¡as pcstul-ð"têd

fc.¡r the .reduction of alkyl halides by trÍalÌ<y1 and triaryl

stannanes rn¡hen initiated by a radical .9ouxcê o

qA
Subsequent.ly, I',ienapace and !¿'uivila--',ureSenCed further

experimental evidence in support o:Î the free-radicaL chain

mechanism of these reactions.

DetaÍl-ed kínetic inves|igat.ion of the phoLo-initj-ated

reduction of alkyl halidesr by trÍ-n-butylstannane was carried

out Ï¡y Carlsson and tngoldss using a calorimetric method 1n

conjunct.ion v¡ith the ro'cating sector technique. Thelz

confirrned the two-step free-radlcal chaÍn mechanlsn for these

reactions f::om {:he kinetic <ia|a which they obtaineci. The

mechanism is shorvn in Scheme 2,4.I.

InÍtiation
R.

Prorraqation

Terrnination

R' +. R'

-.>
_-___>

+

-â"

R'+ R.

I
llrSn

Ru {' nfsn'

efsn,t + Rnn+
Snll

,RX

3

R +R 5n"
3

a Inactive
Products

a
I

11, Sn'nR
3

Þ -l-

Scheme 2 4 I
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They rlrlere able to det.ermine the absolute rate consLants of

these reactions, however the mathemat.ical treatmer¡t tvhÍch

they put. fonvard rvÍl| not be clealt. with here. Suffice to

say that the reduction of a[ky.l halides with stannanes

generally exhíbited st,raight-forward klnetÍcs. The follow-

lng points emerge from their wor]<:

(i) The rate usually shows fírst-order dependence on

eÍther the allcyl halide or the stannane

concentrat.Íon over a wide range of. relati.ve and

absolute react,ant concentrations. -

(Íi) The reactions behave normali-y throughout their

entlre course, eonLinuing until one of the reactauÈs

Ís completely consr¡.med.

(iif ) nor the reactions of aIlcyl bromides and methyl

lodide, chain terminatÍon must occur by self

react.ion of two alky1 radÍcats; the rate control-

ling step i"s hydrogen-atom a,}>sb'ract'Íon from the

stannane o

' (fv) For the reduct,ions of alxyl chlorides chain

termÍnation must j-nvolve the coupling of two

stannyl radicals; the rate controlling step is

chlorine atom abstraction f rom the alkyl c}:lori-de.

(v) The relatj-ve reactivlt.ies of alkyl halides towards

tri-n-but.yltin radicals, measured j.n a series of

competitÍve experÍmentsr vary from the arbitrary

value of 1 assigned to I-chloropentaner through
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l9rOOO for n-hexyl brornj-cie, up to 2rOgOtOOO for

methyl j-odÍde 
"

(vi) Rates of hydrogien-atom abstractÍon by alkyl

radicals from tri-n-butylstannane show only a

small increase in the order:- t'-butyl(n-hex'y1

dcyclohexyl(methyl' The value obt'ained from the

reduction of q-he>q¡l bromide ma.y be taken as the

average value of the rat.e constant for hydrogen-

atom abstraction (I >< 106¡"t-1t".-I) ' This value

of ka can be used to estimate the rate constants

of such alkyl radtcal isomerizatÍon reactions in

which the rate cons'b,ants of hydrogen-atom absÈrac-

tion from tri-n-buty.lstannane are approximately

the same for all the isomeric radical species.

The authc¡rs then demonstrated hov¡ the above principles

can be applied to previously report,ed radical isomerlzation

reactions by the groups of lialli.g56 ancì ¡ecfwithsT¡ these

. are reported below.

Vlalling56 arrd his co-vrorkers Íirvestigated the react,ion

of S-hexenyl bromÍde with tri-n-brrtylstannane at varlous

stannane eoncentrat.ions. They reported that the reaction

gave I-hexene and methylcyclopentane in relative ratios

that. were dependent on the stannane eoncet:tration. Very

small amounts of cyclohexane were also forrned. (Scheme 2.4.]II)
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Scheme 2"4..II

The reduction of cyclopentylmethyl bromide and bromocyclo-

hexane, using the same procedure, gave only methylcyclo-

pen{-ane and cyclohexane respect.ively¡ this showed that

both cyclÍzation steps \,lere irr:eversible uncier the react-ton

conditj-ons. They proposed two separate l<inetÍc sc.:hemes to

O

v

?J

1,..



-3d"-

explain t:he preferrecl formation of meth-yl-cyclo¡:entane over

th¡ìt of cyclohcxâl1êo One of these schemes in'¿olved the

forrnation of a.n intramol-eeu-lar cornplex l¡etween 'bhe radical

cerltre ancl thr: {i-bond, ancl subsequ.ent reac'tÍon of this

interroediate wiLh the stannane to give tnel-?r1r1.qyc1o.Ðentane.

They concl11cled, however, that neither Scherne satisf:Led all

the experfinental resul-tsn

usi-ng the reciuction of. the aplf,roltrria'ce bromo compound

with tri-rl--butylstannane, t-hese rvorkersSei invesE,ígated

Several oi:her raclj-cal react,ions. These nray be c'lassifiecl

Ínto three <iis'LincL grou.ps accorcling to the position of the

C=C dor-lble bonC in relation to the radÍcai centre3-

(i) In the first group of compo'nds, the double bond

\â/a.s in the 5-6 positj-on rel.ative to the rad.ical

cen'Llíe' .¡.\part, fronr the e><pectecl open-chcrj'n

con¡:ounds, radicals (57), (59) and (61) gave

3-rnethyS.tetrahydrofuran, I, I, 2-trinrethy'lcyc1o-

pelì'i:ane and a )'-l,actone respectively.

' Presuttlablyr the cyc-lÍc prc'ducts were fo'rmed by

ring c]-ocure of raciical-s (57) r (59) ô.nd (61) via

S-rrrem¡ered t,:îansitÍon sjtates to -bhe cyclic radicals

(58), (60), anci (62) rer-;pectively (scherne 2,4.TII) 
"

It i.s ínteresting to note th¿rt. pr:ocìucts arising

from 'Ehe altornat.i-ve mode of cycl:Lzationr that is

via 6-mernJ¡ered trarrsition states, r'¡ere not observedo
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o
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Scheme 2.4.IIT-

The radical (61) would form the resonance stabilizecl
species (0S¡ by this alternative pl:ocess.

Cyclic products lvere not formed in the reactions
of the second and thircl group of cornpounds in
which the double bonds v¡ere in the 4-S and 6-7

posi'b,ions, respectively, in relation to the
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potential radical sites; open chain reCuced

products v/ere formecl fn these cãSêso

For the alcovernentioned reactions of 6-bromo-1-hexene

with trl-n-butylstannane, Carlsson and tngo1dss c"rlculated

the rat.io of the rate constant of cyclizatíon (k.) and the

rate constant of hydroqen-atom abstractÍon (kt) from the

relative yields of methylcyclopentane and l*hexene at various

stannane coneentrations. .Ihe value they obt.ained for X"/Rt
Ëtr

v¡as 0.1. The average value of ka was sho',vn" to be

I x l-o6l,t-r=."-1, hence k"vras estirnated to be l-oSsec-rfor

this reaction.

Struble, Beckwith a.nd cr.t*57 report.ed that the reactíon
'l

of 4-( A*-cyclohexenyl)but,yl- bromide (64) with tributyl-

stannane gave a mi>ct,ure of l-butylcyclohexene (66), lrl-'

tetrarnetirylenecyclohexane (67) t cis- and trqnq-decalin (69)

(scheme 2,4,ïv). It, is noter,¡orthy that th.roughout the wide

range of stannane coneenLrations used in the varlous runst

the combirred yÍelcis of gig- and t,rans-decalins (6S), arising

from the cyclizat.ion of radlcal (0S¡ via a G-membered transitiou

state, \Á¡ere of the same order as the yield of the spÍro

compound (67), rvhÍch arose from ring closure of (65) via a

S-mernbered 'l-ransitlon st,ate. They proposed that the initial

stages of the radieal adrlition involve lnteractiotr of the

unpaired electron w-tth the lowest, unoccupied orbital of the
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'll'- syst.em, ancl that the approach of the radical centre occurs

prefer:ably rvithin the plane of the {Y- s1'stem ancl aloug a

.Iine extending almost. vertÍcally from one of t'he terminal

carbon atoms' Furthermoree they suggested that this schente

rationalizes not, only the preferred formation of S-rnembered

rj-ngs, but also the cyclization of @-heptenyl sysLems and

tþe ÍnabiliLy of the 4-pentenyl syst,em to undergo ring

formation.

Bu-.,Sn'---+
c

64 Br

o

kt

65 66

Bu
3

SnI{ k.c

"/ \

a

Bu SnI]
3

V

6B

Seheme 2.4.IV

67
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Carlsson and Ingolcl

reaction to be 4 x LO-2.

55 calculated t<",/ka for the above

Since k v/as shown to bet

_-4 -1hexenyl)butyl radical to be 4 x lO "sec .

t x lo6ti-1"*"-1¡ they est,imated k" for the ¿-(Alcvclo-

wilL and hls collabor.t.orss8 recently studied -"he

react,iotl of the Z-( A3-cyclopenLenyl)ethyl radj-caL (69)

formed from 2-( A3-cyclopentenyJ-)ethyl bromicie by reduction

wÍtlr trlbutylstannane. (Scheme 2,4,V)

o
69

ke

72

v

o
70 7I

Scheme 2r4nv

The radical (69) was founcl to give norbornane (71) by

cyclÍzation to the norbornyl radÍcal (ZO¡ followed by

hydrogen-atom al:straction, as well as 4-ethylcyclopeutene
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(72)bydirecthydrogor]-atolnt,ransferwiththeg.ta.nnane.

The ratios of the yielcJs of (71) a.nd (72') were cletermÍned

at'variousgtannanecorrc<lntrati.ol¡sat'threer]ifferen'b

ternpeiratu.res" At 4Oo, only traces of norbornane (71) were

fonned showi.rrqi th¿rt cyclizar!-ion of (69) Lo(70) is much

sror,¡er than tha-t of the analogor-rs 5-he><eny1- radical"56

At g30 and aL l-3oo (7i-) represented only 20% and 4I% of the

reducecl prr:ducts respec,cively. rheyS8 ca-l-cr¿latecl the ::at'e

constantsofcycii.zationbl¡t]rernet'hodofCar}ssonan<]
tngoldss and obt.aÍrrecl the va-Ities J-o9 v. 1o4 and 7'3 x"1-03

for {-}re reac.ú.ion at l30o ancl 93o respec¡i-vely' It should

be rroted that the ra-clícar (69) is symmet'rical' so tha't attack

at'eitherenc]ofthedourl¡lebondyielilsthesaneradj-cal

interrneclj-ate (70) vj.a a 5-mernberecl ',crans:Ltion stat'eo Iutrj'nsic

ste¡:ic strairr in the norbornyr -t:adj-cal (70) and hence strain

j.n the t::ans j.tion stat.e ].ead.i ng to íts f orrrrat,ion I{aS put

for\rrarcl as the reason for the lo-uv yielcls of nc¡rbornane (71)

. obl:a:i.ned" They supporLecJ the sr-rqgestions by tseckrvj-th ¿rncl

h.is co-l.rorl,,er=57 concernlng the likeIy transition st--ate fot

j-ntr:amolecular radical cyclj-zat'j-otr'reactiorts'

Recentry crandall and Keyuon59 investigat.ecl the reactionsj

of rariicals generated by trfbr.rLyls'hannane from brorno and

chloro aceLylenes, They examined t]'¡e effect' of the cij-stance

ofthetriplebondfromtheraclicaleentrerâSv¡ellaSthe
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-i.nfluence of t,erminal substituents on the reactÍons of these

systems" The radicals under invest,iEation are shown in a

gene.ral form by (73) (Scheme 2,4"Vr).

kt
t

R-C:- (CHz ),r-CH, >

BurSnH

73 76

kt
o

R-C CH

77

) _-->,

Bu SnH
3

R-CH=C (CH^
\_/ ¿

7s,

)2 n{-1 n+1

74

o

(

R Icil +1

Scheme 2 ,4,Vf

They f ouncl that.: -
( i ) The rad j-cals (7 3 , n=I ,2 i R=CaHU ) gave only open-

chain product,s (7 6 , n=I ,2 i R=CUI.IU ) .

( ii ) The radicals (73 , n=3, R=cuI-Ir, c5H11) cycrized only

to the 5-nembered rÍng radical intermediates (74,
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(iii)

n=3; R=cuHy csFl-ll) yielding the cycl-opentyl-

methylene compounds ( 75 ¡ n=3 ; R=CUH5 r Cstotl- ) .

No produ-ct,s via the alternatfve 6-tltembered ring

radical intermediate (77 , n=3 i R=CUI{U r CSI{:_I )

were formed.

The most interesùing observations came from the

reactions of the rad j-ca1s (73, n=4) o In

particu-lar, (73, n=-4i Ìl-C.i{r) gave a mix'ture of

tvro ¡:roducts which were (75, n=49 R=CaHU) anci

(7 6 , n=4 i Iì=cJ UH, ) , The highe st rati o of (7 5) z

(76) whÍch they obtained v¡as 3:1n In strong

contrast, the analogous raclj-cal (74t n=4i R='

CSHtt) did t:ot gÍve any clrslig products btlt

yiel-ded (-16 , t¡=4 i R=CrlJr' ) nearly quantita-ti-ve1.y.

the ar-rthors suggested that the 1ikely ex*planation

for the dtfference in the reacti-on.s of the tv¡o

raclicals (73, rr=y'ti R=COlìa) a.ncl (73, n=4i R==CrIìrt)

rr7â.s the fact that mesoinerie stabili.zatíon 'v¿¿rs

poss-ibIe orrly in the intermeciiate raclical- (74, n=4i

R=cuËlr) ari-sing from the cyclization of (73' n=4i

R=c6}15 ) ,

The cyclJ-zation reactions discussed so far in this sect.ion

v/ere considered to be irreversfble uncier the reactÍon conoitions

that were emp-loyed, Kuivila and his co-workersir60 lro*"rr.tn

found one particular reaction in rvhich the rate of racl-'r-cal
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eyclizatlon and the rat.e of radical ring open-i-ng l./ei:e of the

same order. ThÍs ol:servation came from thej-r lnvest,igations

into the possibility of the transient existence of the non-

classical norbornyl radical (e2) (scheme 2"4.VïI).

a

o
7n 79

k, Bu '> I t-:-1. kt Du
3

SnH:)
J

e2

SO B1

Sehe¡ne 2.4.vll

.Ihey noted tl:at, the sane mi>'Jure of norbornene (90) an<l

nort,ricyclerre (81) resulted frorn the reductj-oir of both

no::bornenyl bromide and nortricyclyl brom-ide wlth tributyl-

stannane. This means either that both reactions proceed

t-hrough a cor¡,rnon intermediaLe su.ch as the uon-elassj-ca1

radica-l (SZ¡ or that the two raclical inter¡nediates (78) ancl

Qe¡ are in rapi-d equillbrj-um, lrJîren triphenylst.annane vras

used for the reduetion of nort-ricyclyl bromider they found
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that. tho relaLj-ve yields of (BO) and (BI) vlere depenclent

on the Stannane concentrat.ion, This ol:servation discounts

the possi]:1e j-ntermediaclz of the non-classical radical (82) ,

since from sueh a species the relatfve yÍe]ds of (80) and

(BI) should not be influenced by variat,ions j-n the stannane

concontration. The rate Constant of hyclrogen-a'tom transfer

from triphenylstannane to a-tkyl radÍcals is large:: than that

from tribu.tylstannanei thus trfphenylstannane in htgh

coneentrations j-s able to intercept most of the nortricyclyl

radicats (791, formeci from nortricyclyl bromide, before rÍng

opening t.o the norbornenyl ::adical (78) cð.Ft occuro The

eonversion of (78) to (79) ís one of Lhe ferv examples of

cycllzation in a system contai.ning a C=C double bond in the

4-5 posit.ion relative to the radica] centre.
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3. f o ÏtiiTilp.Í'iolDCLÍÏ.,.\R. ¡rRCi/i,\îTC SUBS'.T]Ï TUTTON REAETICIÌS

Oil AR.YI, R¿\DICAL9

The íntermediacy of aryl raclicals in certain aromatic

sul¡stÍtut.Íon reactions v/a.s first proposed by Grieve and Hey61.

They noted tirat uhe simíIar direct,Íve effects of elect.ron-

withdrawing and electr:on-donating subst.itnent.s on the patt'ern

of. arylat,ion of various benzene derivati-ves did not comply

with the est.abtÍshecl patterns of either electrophilic or

nuc3-eophilic aromatic substltut,íon reactions. Subsequent

work carried out in thÍs field has i:een extensively revlewed

by lú111i.rn=62, H.y63'64 and the rntra-Science symposiu*65.
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3.2, I
OF ÀRYL RADICALS

The slmthetic utlllty and the theoretl-cal- problems

associated wÍth lnt,ramolecular homolyt,lc aromatie

substitutlon reactions rnade them the subject of varled

fnvest,igaÈíons. Revlews on this topic v¡erê compiled by

Abranovitch66, Hey64 and by the rntra-scLence s1,mposium65.

sï



CHAFTER, 4

DETEC TTON OF C/.\T,S EI,EC']]RON PARAMAGI{ETÏC

RESONI SPECTROSCOPY
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4 oI, STATIC SYSTET¡rS

Electron paramagnetic resonance (e'p"::. ) techn-i.ques

lrave beerr used vriclely for the observation of @oprrr spect.ra

of stable organíc and inorganic radical"s. ,1, nu:nt¡er of

tex'E,booJ<s and revj.ews have been wri.tten on the theory and

prcrctÍca.I applications of ea!-)oE. spcctro*.opy67-74,

As in all forrns of s¡rectroscopy a eertaín minÍmum

concentra.tj-on of the speeÍ-es urnder invr:stigation is required

for the suecessful observation of its spectrum" This

requirement is easily met by sb.able radicals whÍch have long

lifetirneso but. it, is Ehe s{:u¡ri¡linc¡ block for the observation

of many transient organic radi.cals. Tñ other words if the

radfcals are formecì slowly ancl destroyed ra,oidly or formed

and destroyed rapidly Lhere v¡il1 not be a suffÍcient

stationary concentration of the radical species to reco::d

its êopn:î" spectrrrmn

Fessenclen and Schuler75 rut. the first to observe the

€cpof,c spectra of t,ransient alkyl radicals. T)hey used hi.gh

enercty gamma-irradiat.ion to geirerate .rIl<yl radica.ls froni a

number of hydrocar]:ons in the cavity of the êoprro spectrorneter"

TheÍr resuli:s provided detailed structural ancl kinet.íc

informatj.on about a1kyl radicals" The narrownes;s of the

spect,ral Lines allowecl accurat.e determinat.ions of the hyperfine

strucl:ure o:f the spec{:ra wh:Lch they v¡ere able to record. the
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follolving generaJ-izat"ions mcly be made aS a result of tlleir

observations: -
(Í) All all<yt and cycloa1J<y1 radÍcals have cC-

courpling cons'bants at 2I to 23 gaus'ls, exceptíng

Lhe cyçlopropyl r.r.dical..

(il) fn cases rr?here isotropic rotational averag-ing

is possi-b1e¡ t1-re p -co,r¡¡ling constants decrease

rvi-th inereasiirq- substituLion on the cC-carTron-

atonr and are represented by tl-re val-ues observed

for the methyl protons i-n etiryl (26,A7 gauss),

isopropyl (24"68 gauss) anci t--butyl (22.72 gauss) '

radlcal-s.

(ij-i) sorne p -coupling constants are dÍfferent- from the

val-ues mentioned j.n (ii) and are tetnpera-tu.re

depen<lento These anornalies are ¿rttributecl to

h.ì_nde:c.ed rotatj.on about. f:he OC - p ca.rbon-carbon

bonci, rvhich prevent fso'Lropic averagingr.

(iv) Smal.l splittinq by t-he [ -protons (O"4 - ]-.1 gauss)

can be resol.ved in some cô.sês¡ Str.bsta-nti¡rl

anguli:r clependanee of these coup-linc.¡ consL¿¡-nts are

docu¡nei:tecl -ì-n the case oi= ¡:ropyl radic¿rlsi"

(v) The smaller oC -coupling constants observed for the

vlnyl and cyclopropyl rcrclicals can Ï:e iilterpretecl

as ]--eing due to Lhe lncreasied s-cha.racter of the

orbiL¡ri in rv-l1Íclr t?-¡e un¡ra:Lr:ecl elecLroll resÍdes.
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(vi ) Thr¡ r¡a1ue of the g-fa-ctor r,vhfch defines the pos:ì-tion

of the centre of the absorpLion pattern is c-lose

to the free-s¡:in value c>f 2,OO23 for a.Il- simple

alkyl raclicals 
"

Kochi and Krltsi"76 reported a convenierit rnethocl of

generating alkyJ- radic¿rl-s in the cavity of the êrpcrr

spec'Lrometer ì:y uJ-t.raviolet irra-diation of a.iyl pero:.-icles

in h1'd¡searbon solvents such as cyclopr:opatle. Of pa.r:ticular

interest ¿rre t--hr: s.oectra v¡hich thelz obtaÍned from t-he

photolysis of 6-heptenoy.l. pe:roxide at various temperatürês¡

21,t. -75o the $pectrum of the S-hrexerryl ra,Cic¡rl rvas observed,

i,"hi-Ist at- -35o only tire spectrum of the cyclopentylmethyl

.racli-ca1 for¡necl f::om c)¡clization c¡f the S.hexenyl radical vras

recordecl. At' inter:inecl:tate tempe-ratures superJ-mposed spectra

of the above t-.ivo ra-dica-l.s rl'êre obtained. Cyclopentylacetyl

perox:i.cìe \üas irradia.tc-:d at various; temperaLurcs up to Oo but

only tl-re speetrum of the cyclopeirtylmeth]¡l -raclfcal was observed;

this shc¡r¿ed once again th¡rt cyclizaLion of the 5-her'eny1

racìical v,'a-s not ::eversi]:l-o urncler t-.hese-: conditions. They also

recorded the s;oectra of 3-bu.tenyl and S-perrtenyl radi.cals,

r,¡hich apparently di-d not cycJ-i-ze under these experimen'ta1

conditÍons 
"

I{rusi-c and Kochi 77 recently recor:cled the €opofo spectra
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of a series of alky1 radlcals substítuted in the P position

v¡ith sulphur, silicon, germanium and tin groups, They

found th¿rt. the hyperfine isobropic coupling constants for

the P protons were unusually sma1l and exhibited considerabLe

temperature depenclence, They inLerpreted these result.s ín

terms of hincìered internal rotatíon about the C"C -Cp bond

and a preferred conformational orÍentation in these radicals
in which the sulphur, si-li-con, germanium and tin atoms are

eclipsed r^¡ith ttre p-orbital at the trigonal raciÍca1 centre.

The conformational effects v/ere attributed to incipien'[
1r3-bonding between the unf11Ìed 3d orbitals of Lhe hetero-

atom and the p-orbita.l of the carbon radical centre. The

authors rulecl out structures involving symmetrically brldged

radÍcals. They also determined the barrier heights of

hÍndered rotatj-on by the classical treatment,i these were

about 2 kcal,/mole f or the heterosu.bstÍiuted rad-tca]s, whereas

the value for the isobutyl radical was only 0." 3 kcal,/moIe.
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4,2, TËIE FLO;'I T}ììCHNIQLIE

The f-low techniqr.:.e is used for observatlon of the eoprrr

spectra of transient radÍcals generated i-n solution. ThÍs

t,opic vras discussed recently by Beclcvrith.T4

Usirrg this method, Beckrvith and l'îormanT8 observecì the

êcporr spectra of organic raciicals generat,ed by the one-

electron reduction of aliphatic halogeno eompounds in aqueous

solution. They79 attempted unsuccessfully to observe the

êrpor. spectra of phenyl= and substítuted phenyl free-radicals
formed by the one-electron reduct.j-on of the appropriate

aryldlazonium salts" on the other ha.nd, they79 were able to

record the spectra of the radical intermediates fornred by

addition of these aryl radicaLs to various olefinlc, acetylenic,

aromatic and inorganic substrat,es,,ln both acidic and alkaline

nredia o

RecenLly BeckwÍth74 r"ported the ênpor. spectra of two

ortho-substituted aryl free-radicals using the flow technj-que.

The values which he recorded for the ort,ho, meta and para

coupllng constants and the value of the g tensor were similar

to those obtained by Kasai and his collaborot,or"Bo for

the phenyl radical trappecì in an argon matrixo
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OBJECTÏVBS

Our initial aim was to determine 1f aryl radicals
substituted Ín the orLl o-position wÍth sidechains contain-
ing terminal C=C double bonds in the 5-6 or 6-7 posi-tion

relatlve to the radical centre wcnrld undergo intra-
mol.ecular rlng closure reaetlons. With thls in mind we

investigated the suitability of electron paramagnetic

resonanee spectrometry for the detection of possible radical
intermediates Ín these reactions.

$,Ihen we had suceeeded to detect, by ê.p.r. spectrometry,

eyclic radlcal intermediates in the reactions of three
such aryl r:adicarsr vùê declded t.o devel-op a general technique

v¡hich wourd make it possibre to generate and to study the
products from a number of a::y1 radicals suitable for the
proposed lnvestigatlons. Our main aims from such product,

studies $rere: -
(i) To ascertain lf the well documented speciftcit.y

of most alkyl radicals, containlng suitably
disposed double bonds, to undergo ring closure
predominantly or even exclusÍvely at, one particuJ_ar

carbon-a{:om of the respectfve C=C double bonds

wouÌd be exhlbited also by aryl radÍcals.
(11) To estimate the rate eonstants of cyclizatfon of

these aryl radJ.cal reaet.ions.
(i1i) fo observe what effect the incluslon of a
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heteroatom, sueh as oxygen or nitrogen in that

part of the respeet.ive sidechains whfch links

the t,erminal C=C ciouble bond with the benzene

ring, would have on the rate and course of these

cycllzatÍon procêss€s o
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The recentlv develol:ed methocl of g,'=nerating a.firl

radica.ls j-n the cav-ity of an e.por. specLrorneLr:r, l¡y one-

electron recluctj-on of arylciiazonium saltsi with ti'tan:i-um (-lII)

eth\¡feneCia¡Lrinetet.ra.rcetic a-cici coml:lex in a f lorç ce11r79

rr7ã.s u.sed to ol¡serve the spectra of radicals generated frorn

o-al1ylo:<yberrrzenecìiazonium l¡orof luoricle ( B3a- ) , g- Q-
nr.ethvla I 15:l er- ¡ be nzr: ne d i-az on iuil bor of luor i- cie ( B 3 b ) ancl

o- ( 3-butenylox',¡) beir::enecliazo¡r'i urn borof luor:Lcle ( tì3c ) ,

(Schr:me 5.1-,I) Tl-le result;rnt spectra are shown in

Figures 5 
" 1o :1, 5. 1. IT and 5, 1, Tf T respeetive]-y. F i-gures

5.1" I anci 5. 1. ïl:ï depict doubl-ets of t-::iplets, v.rhe::eas

l'iç¿ure 5,:1". f :L shorvs a-. t.ripl.et, Char.rcteristics oí: i:hese

strect-ra are s;hor,;n in Table 5. J- o f .

D:Lazoni-unr
Salt

Coupl-ing ConsJ'tants g-va.lue

a__
l-j oc

a.-.. ¿t _-tt p .,.i Y

ô?-rLr J Cr-

A3l,r

22"2

2004,

27..3

l-9. 0

26.2

1.0 2.OO25

2 "OQ23

2,OO25B3c

Table 5, J-.I
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CH

l{, Y

^T-lçrr? t
i-T v,+ 

'
Hr Y
ãr1\-J13,

-J \¡
r! t I

z)n
Hln

ô

B3 B4

(a)n-1rX=H
(b)n-IrX=CHt
(c)n-2eX=H

CHz)n

(a)n---IrX=H
(b)n=IrX=ClT3
(c)n=2rX=Fi

(a) n
(b) n

(c) n
(d) n

(e) n

(r) n

ll2EF-4

= i'TrBF'n.

IS2iJ!-4

ñIz
= l{ï{,
lTir2

I,
I,
¿,

I,
I,
a¿.t

.,'r

Y

Y

CH/n

86

(a)Tr=1rl{=LI
(b) tl = I, )( = cli3
(c)n=2t;t=FI

XB5

o
E7

Scheur.e 5. 1" -l-
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Structures were assÍ.gned t,o the radical ln'Lermediates

which gave rise to these spectra on the basis of thefr

compatibil.ity with the observed spectral characterlstics.

Moreover the spectra precluded the presence of other

radica1 species wh1êh are listed in (i) to (v) wlth the

respective multiplicít.ies that may be predÍcted in brackets:-
(Í) AryI radicals (B6a), (B6b) and (B6c) ' 

(16 lines

of considerabLe complexlrtyT4 for each radical).
(if) Radlcals formed by Íntermolecular hydrogen-atorn

abstraction from the methylene groups next to

the oxygen atoms i.êc B-

0
a

o

(I2 lineurBI 24 tines8l and a trÍp1et. of doublets

with a g-value of about 2.0031).

(iiÍ) na-dicals generated by intermolecular radical

addit,ion react,lons, whf ch would be eípected to glve

the anti-I"Iarkor.¡nikoff adducts i.e. å-
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a o

Z

(o;uint.et, of doublet s, oetet and qu-inLet of

dou.blets ¡ possibly the spectra v¡ould be even

nìore comple:< sinee the methylene groups next to

the ¡:crdical centre v¡ould probably be non

, equivalent) 
"

(iv) fntrarnolecul¿:r radj-cal addition reactíons to

the ends of the doubl-e bonds remote from the ring

to give (B6a), (86b) and (B6c) r (spect::a1

cha-::acteristics of tl'rese adciucLs tvoulcl 'be si¡nilar

to the correspondÍng :l-nter¿nolecr-r1ar adduct.s Ín

(iii) ).
(v) Intrermolecul¿rr hydroEen-at.om a-bs'traction via a.

G-¡nenbered trans:i-tion si:ate74 in the raclìcat (Bac)

to g.rve ther allylic raclj-cal (B'l) t (36 liues of

cons Ícierabl-e corrìÌ)lexi'ey8Ì ),
Fler'Ìce iL r.vas conclnileci that the cyclic radicaLs (35a), (Bsb)

ancl (t-lSc) gave rise to tho spectrîa shor.¡n j-n t¡igures 5o1.I,

5,1o-lI- and 5.1.I-ïT resirectively. The lotv p-cou.p-li-ng

constant in 'the spectrum of the raciicaL (SSa) may be attri,l¡utecl

z
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to restrict.ed rotation about the Coc -Ct bond due to non

bonded Ínteractionsi the o(-couplì-ng constant is close to

that, of ttre free ethyl radicalr T5 rh"r"u.= the origin of the

small { -coupling is not clear. The oC-coup-líng constant,

in the spectrum of radical (B5b) is sornewhat smaller than

that expected for the free et.hyl radical and the l1ne widths

are much broader than in ttre other two spectra. The inabiJ-it.y

to resolve Y -coupling is attributecl to the increased

number of Y -protons and to the restriction to rotation about

the Coc-Ce bond due to the proximity of the rnethyl group tor
the radical centren The oC- an<l p -eouplfng constants in

the s¡:ectrum of the radiial (B5c) were close to those of the

free ethyl radÍcalt X -coupLing v¡as not observed in this

case.

79Beckv¡fth and Norman detected no erprr. absorption

when the phenyl radical was generated in {:he presenee of

ethylene. This shoros that int.ermolecular phenyl radical

addition t.o an unacti.vated C=C double bond is much slorver

than the analogous lntramolecular reactlons.

Àn attempt w.ts made to observe the erprf o spectrum of

the o_-methoxyphenyl radieal, generated by reduction of

o-methoxybenzenediazonÍum borofluorideo It was hoped that

in the absence of eornpeting intramolecular processes its
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spectrum might be observed. Howeverr no díst,ínct spegtrum

could be discerned from the background slgnal which was

prohably due to stable polirmerie radicals formed on the

surface of ehe flow cel1. on Lhe other Ïrand the fact that

e-metho><yphenyl radlcals \^/ere beÍng formed was conflrmed by

aciciition to the reactant soluti-ons of maleic acid ancl trfmesic

acid which produced spectra characteristtc of, the respective

radical adductsT9. Beckwith ancl Normu.r-79 have elaborated

the reasons for the difficult.ies ín recordÍng the ê.Þ.r.

s1:ect-ra of aryl radÍcals in soJ-utfonn

It was stated previously that one of the requirements

for the óbservation of the eeprro sp€ctra of transient'

radical species is that they must be present in a certain

minj-murn sLationary concenLratfon. This i.mpIi.es that the

presence of radical intermediates in a reaetion cannot be

excluded on the grounds that thej-r êrprf,o spectra are not

observable. Hence for accurate studies of radíeal reactfonst

detailed product identÍfication is neeessaryo The nexË

section de¿¡ls wÍth such studies of products from the one-

electron reductíon of' o-allyloxybenzenecliazonium boro-

fluoride (B3a) with various reducing reagents,
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5 02. EXPLO.R.ATORY PR ODUCT STU DTES OF' ARYL RADTCAT

CYCLTZI\TÏO}T RITACTIONS

The efftuent obt.ained aft.er the measurement of the

€cpofo spectrum of the o-aIIy1oxyphenyl radical, formed by

the reductÍon of o_-allyloxybenzenediazonium borofluoride leSa)

with t.j-t.aniun (IIT) ethylenediaminetetraacet'ic acid at'

t\t pH B, was ex'b,racLed with etheri the ethereal layer was

concentrated and subjected !o short-path molecular distil-

lation, Unfortunately onJ-y a very s¡nall amount of vol-atile

product was obtained, thus showing that this method is not

suitable for product analysls. Ir¡ an attempt to increase

the yield of monomeric products, several reducing agent's

were used for reductlon of the above diazonj-um salt viz.z-

(1) A stirred two-phase systerno with cyclohexane as

the organíc layer, uslng t'itanous ion as the

reducing ageut. It was hoped that the

cyclohexane would act noÈ only as a good hydrogen-

at,om donor but that it would also remove the

products fronr the aqu.eous reactfon phase thereby

preventing.further react,ion of the prociucts with

radicals that are formecl subsequently. AgaÍn

. volatile products vfere formed Ín a very low yieId"

(iÍ) T\oo si,milar reduct,ions with t,it.anous chloride

were carried out wÍth ethanol present in the

reaction mixture lnstead of cyclohexâIlêo These
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homogeneous reaetions also faÍl-ed to give good

yielcls of monomeric products, in spite of the

fact that. ethanol is a good hydrogen-atom donor.

Chromous sulphate was also used as a reduclng

agent but agaÍn only tarry product.s \,rere lsolated.
PotassÍum ferrocyanÍde, a rnueh miLder reduci.ng

agent than titanous and chromous ions, was used

to reduce the diazonium salti the yield of

volatile products vras very J-ow.

The reduct.ion procedure used for the observation

of the e"p.r. spectrun was repeated, but. this
time the titanium (flI) ethylenedlaminetetraacetj-c

acíd complex was r,rade up in a I: I methanol-water

solutlonn QuantiLative analysis by gas

chromatography of the reaction product.s indicated

that 3-methyl-2r3-dihydrobenzofuran and a11y1-

o><ybenzene were forrned in 1l-% and 2% yi.eJ.ds

respectively.

The reduct,ion of the diazoniu.m salt was also carried
out by raclÍcals derived from methoxj-de and iso-
propoxide iorr=82 i-n methanol and isopropanol

respectÍ-vely; quant,itative analysis by gas

chromatography showed that the products contaÍned

3-methyl-2r3-dihydrobenzofuran in 31% and I.5%

yield and allyloxybenzene ín 4% and 7?[ yield
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respectively. Chroman was not found amongsL

the products in either cêsê¡

The results obtained in (f ) to (vf ) deserve some ColIunêDto

As 1t has been noted before a reasona-bl-y hÍgh concentration

of radj-cals 1s necessary for the observatlon of their erporr

spect.ru.m" Tn the reducÈions (Í) to (v)n which more or less

duplíeate tlre êrpr¡.r reduction conditlonsr one would expect

a reasonably hiqh concentration of radlcals to be present at

all tÍmes. This ímpJ.ies tha't. competing radical processes

such as dinrerization and polymerization as well as

disproport.ionatj.on will lead Lo procluct.s other than a1ly1-

oxybenzene and 3-met,hyl-2r3-dihydrobenzofurd'n¡ Aqueous

hydrolysis of the díazonium salt. w111 lead to phenolic by-

pro<ìucts. It 1s therefore not surprÍsing thaL the yields

of the expect,ed con1pounds u7ere rather low in most casesc

Disproportionatj-on of the radical (85a) is also quite líke1y

by ÍnÈe::actj-on with the radical species present ín the

reductJ.ons8z deseribed j-n (vi).

It became obvious, therefore, that, for detaíled studies

of the reactions of aryl radfcals with oleflnic qrtbg-

substit,uents, a general method had to be deveJ-oped which would

give high yields of monomeric product.s.

The successful use of trialkyJ-sta.nnanes 'to generat.e alkyl
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radícals for int.ramolecular rearrangement reactions has been

dealt. with in the introductÍon. l'hese reagents provide

high yields of reduced products, and furthermore permit

esÈimatlon of the rates of such rearrangement reactiorr*55.

The use of trialkyl and triarylstannanes for the

reduction of aryl bromides and Íodides l.ave been ínvestigat,ed

by relatively few work"r"54'83. Iqoreover no positive proof

for a free-radical chain mechanism, similar to that pto*r"rrss

for the reduct-ion of a1kyl halides, has been advanced f or

these reacÈions, ïndeed Lorenz and his co-wor}<*r"B3d feLt

that a 4-cent.red mechan-ism best exp-lained some of their

experiment,al observatÍons,

The ready accessibility of o.-a11-yloxyiodobenzene allowed

examj-nation of its reductíon with t,ri-n-butylsta-nnane in

benzene solution u-slng azobisisobut,yronitrile as the radical
initiator. The reaction wo-s clean and 3-methyl-2r3-

dihydrobenzofu"ran was formed in quantitative yield. ThÍs

resuLt established the value af tributylstannane as a reagent

for the study of intramolecu-l-ar cyclizat,lon reactions of aryl
radlcals containing ortho-substituents r,¿ith suitably disposeci

C=C double boncls.

It was shown by our êoporo studíes that radj-ca1

cyclizatiou occurred v¡hen the double bond was in the 5-6 or

6-7 position rela-t.ive to the radical centre, A1kyl raclicaLs
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contaj.n.tng double bonds in the 4-5 position relative to the

radical centre fail to give cyclic products (see j-ntroduct'ion).

T't was decj-cied to examine the feasibility of such a cycliz-

at.ion reacti-on for aryl radj-cals. The reductÍon of g-

vinyloxyiodobenzene wÍth tributylst,annane gave phenyl vinyl

ether in a-lmost quantitat,ive yieldg 2'3-dihydrobenzofuran

the expected product from the intramolecular cyclization of

the o-vÍnyloxyphenyl raclical was noL f ormed.

ïn the following chapter some of t-he synthetic htorlç is

clescribecl which was carrled out to prepare sultable

substrat-es and expected proCuct.s in order to examine the

nature of other aryl radical cycl-i-zation react,Íons.
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5.3" SY¡1T}IETTC VtrORK

(a ) PREAT4BLÐ

On the basis of the êrporr v¡or]< and the exploratory
product studles it. was decided to prepare a number of

iodobenzenes whÍch are substituted in the ortho positfon
wlth sidechains consist.ing of four or five at,omsi in each

case these sidechains contain a terminal C=C double bond,

For each aryl iodide* tro possible cyelic products

may he formed by ::adical attack at either end of the C=C

double bond. These compounds and the open-chain n_qr.,-iodo
*

compound r¡¡ere synthesizeci by unambiguous rout,es.

fn each case the open-chaln nor-iodo compouncls '\,vere

prepared by a synthetic sequence v¡hlch rvould be IÍlcely to
be applicable for the synthesis of lts orthg-lodo ana-Iogue.

'Ihe reaction couclitions were opt.imized before the preparation

of the aryl j"odÍcles vJere undertaken"

/\tI of the compounds tha.t v¡ere synthesízed were purÍfied
until analysis by gas chromatography indicated that impurities
v/ere present in less than I%. Their structurÉ)s v¡ere shov,¡n

t.o be correct by physicar techn-tques such as nuclear magnetic

resonance spectroscopyr infrared spectroscopy and m.rss

spectrometry. A1l. nehT compounds gave satisfactory elemental

ana-lyses.

* The nomencrature used to identify these compounds is such
as to corresponcl to the accepted nomenelature c¡f the respective
aryl radicals.
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(b) S]n{THDSES OF ¡ßYL TODTDDS AND TI-TEÏR, POSSIBLE

REDUCTTOTd PRODUCTS

Cornments will be made only on the syntheses of new

compounds, or of compounds rqhÍch were prepared by

procodures which vrere dffferent from those described j-n

the llterature.

For ease of reference, t,he aryl lodldes prepa.red are

shorrn fn Scheme 5.3.I and their posslble products by

tr-tbutyJ-stannane reducLion in Scheme 5. 3.IT.
II

c H2)n

ôñc)(]

(a)X=Orn=l-
(b) -X = IíCi.i3r n = I
(c) .;( = ¿ylrr 1l = I
(d)){=Orn-0

B9

(a).K=o
(b) )i = I,:icH

3

90

Scheme 5,3.f

91
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o-zlllytoxyiodobenzetic-i (Sga) was preparecl by the alkylatíon

of o-iociophenol vrith al1yl Ì:romj-de Ín a.cetorre solu'tion using

potassi.um carbonate as the basen ChromatoqrapÌìy on basj-c

alumina removed the last traees of q-iodophenol from the

procluct . 21 3-Díhydro-3-ntethylbenzoftrra-n ( 93a ) lvas obtained

b}, the soclium-ethanol reduction84 of 3-methyì-Lx¡nzofttrano

/.r1kylatioir of pheno-l v¡ith 4-broloo-I-butèire Ín acetone

sol.ution using pot,assium carbonat,e a.s loase ga-ve only a very

low y-Leld of 3-butenylo>rybenzene (92b). Simj-Iarly reactlons

of soclium pheno;<ide r,vith 4-bromo-l-l:utene in dipolar aprot-ic

solvenLs such as iJírnethyl form.¿rm-ide and dirnethyl sulphoxide

ga-\¡e very Iow yls16s of the rr:quíreci etTrer (92b). T'b

seemed possÍb1e tl-r¿rt sodium 'l:henoxicle ï¡as act.i,ng a.s a base

in the o::ganic solvents usr:d above eausing the dehydro-

ha.logenation of 4-bromo-I-l¡utene to 1r3-but.adiene. Silver

phenoxÍ.<ie j-n boiling berrzene $/Ërs tre¿rteci with 4-bromo-1-

butenei in spÍte of the fact. that-. similar alkylatÍon reactions

have been document"d8s, none of ttre ::equirecì ether (92b)

vras det,ectecl ir:r the reactj.on mixL.ure r.rhich v¡as analysed

periodically )ry gas chromatography" Tt has been notecl86

that 4*brorno-l-bu.tene hycìro.lises very slovrly to 4-hycìroxy-

l-butene in dí-ì-11¡s aqueou.s 1¡a.sie ¡ it was f ouncl that the

al.lcyi-a'bion of sodjum pherroxide l,¿ith 4-brorno-I-butene ín

Iroi-Líng \^zater Çc-rvê a vrorkable yie-lrì of 3-Ì:utenyloxybetrzene

( 92b) " Similarly o- ( 3-butenyloxy) i.oi"ìobenzene ( tlt¡a) was
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prepa.red from sodium o-iodophenolate and 4-bromo-1-butene.

Both ethers r.iere obtained in high purity after chromat-

ography on basic alumina.

The preparations of o- (N-a11y1-I{-methylamino) íodo-

benzene (BBb) and o- [ *- t3-butenyl) -t\i-methylamino ] iooo-

benzene (B9b) proved sornewhat difficult. Reactions of

o--iodoaniline with less tha.n a one molar equivalent of

methyl iodide, aI1yl bromide and 4-bromo-1-butene

respectively resulted in mÍxtures of mono- and di-l'{-

a-li<ylated products r.'¡ith the starting amine, Attempted

separat.ions of these mixtu.res by }iqui<l chromatography and

by fractional distillation were not suceessful. Älkylation
r- -Ìof g- Ltl- (p-toLuenesulphonyl)amino lfodobenzene v¡ith di-methyl

sulphate in ethanolic sodium hydroxide solu.t.ion gave g- f N-

meLhyl-ä- (g..totuenesulphonyl ) amino ] iodofonzene i hydrolysls

of this tosylate in a mixture of acet.i-c and hydrochloric acids

left a purple residue in a very low yield. The reduction

of amicles wiLh dj.borane has been *ho*rr87 to give N-alkyl-

:amines in good yielcls. This procecluru8T *." used to reduce

g- (tl-f ormylamino) iodobenzene. After several modif icat j-ons

Ín the reduc'tion and in the work-up p::oceclures o-(N-methyl-

amino)iodo¡enzene v,ras obt.ained in an excell-ent yield.

In all of the N-alkylatlon reactions moderate excesses

of alkyl halides were used in order that Lhe tertiary amj.ne
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prod.-lct--s would be free of the starting materials, rrarnely

the respective secondary amines. Liquid chrotnatography

on siJ-ica-ge1 lqas used to rernove any qua'ternary salts rvhich

may have been f:ormedn Tt'r this manner o-(rti-al1y1-N-

methylamÍno) iodol:,enzene (BBb) and o-f N- (3-buterryl)-N-

methyJ-anrino]iodobenzene (B9b) vzere obtained j-n good yields

by alkylation of g-(N-methyl-amj-no) j-odobenzene with allyl

loromicìe and 4-l¡romo-l-butene respectively. The formation

of (Bgb) vùas very slow: in order to complet,e the reaction

it, rvas necessartz to add several molar equi-valent's of 4-bromo-

l-bu.Lene over a period of 3 weeks, ÄIky1a.'Lion of N-

methylaminoben:¿ene wit"h 4-b:r:omo-1-butene ga-ve I'I- ( 3-butenyl )"-

tî:nethylaminotnnzene (g2d) . The reciuct.j-ve f orrnyÌat'io"BB

of 4-rr,ethylquinoline gave 1-f ormyt-4-me'b.hy1-1, 2 r3 r  -tetra-

hydroquinoline which¡ ofl recluction v¡ith lithium alu'minium

hydride, yielded 1r 4-¿imeth'l--l ,2 ,3r 4-tetral-rydroquÍnol j-ne ( 93d ) '

LithÍuin aluminj.un hydride ::eduction of homodihydro-

carbostyril gave 2 ,3 ,4, 5-tetrahydro-1-benzaz,epine (94 t X=Ñ-I r

n=2) r.,4rich was methylated v¡iLh methyl ioclj-de to l-methyl-

2 13 14.,5-tetrahydro-l -rl.-nzazepíne ( 94cl ) ' Catalytic

hycìr:ogenation Ín ethanol-fluoroboric acid solutionB9 of

1, 3*cìimethyli'clo1e gave I , 3-dimethylindoli-ne ( 93c ) '

The synthesis of o- (vinVloxyrnethylene ) iodobenzel)e ( SO I

was effected by the nìercurj.c acetate transvinylation reactj.on 90



-7 3-

between o-iodobeuzyL alcohol and ethyl vlnyl eLher.

Reduction o:f g-acetyl benzoic acid ga-ve OC -methyl-o-xylene

glycoI, which was cyclociefry.lrated92 
"o 

l-methylpl-rthalan (96) '

I"Iethods described in the literature for the preparation

of allyloxymethylenebenzene (98) involve the addition of

benzyl chloride or bromide to soclium allyloxide a'nd usually

(98) is obtai¡ed in mocle::ate yielcsg3. Ïn vi-er'¡ of the

presence of excess base during the rea-cLion, howeverr -ft

was felt that such a methocl rvould not be suitabl'e for the

synthesis of the gg.lbg-iodo analosue (91). Accordingly

the acldj.tion proce <7ure \das reversed i sodiun allyloxide

was addecl to benzyt bromicle to give (98) in high ylelcl.

$-imilerrl.y the acicl-ition of soclium allyloxide t.o o-iodobenzyL

l¡romi<io gave g_-a-llyloxymethyl.enej-oclob,enzene (9-1 ) in good

yield. Hornoisochroman (1OO) rvas p::epared from chloromethyl-

(3-phenyl-n-propyl) ether by cyclodehyclrohalogenation with

anhydrous alumÍnium chloride94" i,icthyl-ene chl-oride was used

as tl-ie solvent fo¡: the roaction instead of cailbon disulphi.de;

this oltviatei;' the conplicatec-l work-up vrtrich Ís otherwise
õ/1

required --'.

g-(3-butenyl)iodobenz.ene (s8c) was obtained by the

additior: of diiodoacetylene to the Grignard reagent pr:epared

from g- ( 3-butenyl ) chlorol:enzene ; this metal e><change
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95reactLon - is forced to completion by the insolubility of

the di-Grignard derivative of dichloroacetylene whlch is

one of the species involved in the equilfbrium. Earlj-er

attempis at Grignard coupli-ng between allylrnagnesium bromide

and o-íodobenzyl bromide resulted j-n a mixture of products.

Vinyloxybenzene (92'f.) was obLaíned from the p-toluene-

sulphonat.e de-rÍvat.ive of 2-phenoxyethanol by treatment with

potassi-um t--br-rto>cide in dimethylformamide solution.

Dehydrohalogenation of g- (2-bromoethyl-oxy) iodobenzene usinq

ethyldicyclohexylamine as base96 gt.r. impure o-vinyl-

oxyÍodobenzene (BBd), whj-ch was purified by preparative gas

chromatograpTry.
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( c ) Sl..l-rilllllSgS OT ¡lJ'iTiJi,f l-l llot? il-1,.:ìC'f '.iui)i ir,:Lt iï.],¡\Gi:Í,.i,,t ï c
LìÌ¡1]/-.-i':\rl-1,, ômÎì ñ-i-il,a
-\.i Jv;i. \",ir,l J_r- u'./_i_.ir.-J

o-lt11y1o:.ryi:rnil:ine (e3d) was ¡rrepa-red by the all<vla_tion o:î

o-aceta-mÍdopheno.'l- witir alIyl brorni-cle to give o-a1ly1o>v-

acetan.i-1icle (83, n=I, x==Ii¡ lf=cocTi3 ) fo"tloiued b-.¡ h]¡clrolrz"í=97,

This ¡nethod rvas n<¡'t entÍ-rely satisfactorlz since it d.ic1 not.

give a ,pu.re p.roc-lu.cto T?re alte_rna-L.ive rout.e t-_o (B3d)

j.nvoh¡ecl alllylation of o-nitro'¡:henoJ. l"¡ith a-J.1121 bromide to
give -o-*a-]-1rzlo,'rynitrol:enzene (83, n=r-, )i=I{r y=Ì:,:tclr) l,uhich rvas

recjuced to .bhe reciuj-recl ainine (g3d), Several- reduction
methocls \"iclre invest,igatecl, inc-lu_ding tire use of an aguoous

solur-'tion of soclium borohycìrice93 ancl ai so a methanol-i-c solution
of hycìraz.iire hycìratc99 ru,ith pallaclizecl charcoal as the
catalvst. in botÌ-r instances i yields froin these reduc.tj.ons

wei:e no'[- satis:[¿:_cì:or]¡. The recluc.b.ions of .o_a-l1y1o:<vn.it.ro_
benzene r.¡ith s;-tannour_s ch_l_o:::Lcle dihydratel0o in concentratecl
hycl-roci-rl-o:cic ac:'-ii-ethanol- sol.ution qave an e:tcellent -zie1cl

of i:ure q-erI1r,'1o::y.,iniJ-ine (át3d) after oife disti_lla-tiono .Ihe

reacti on of o-rr-i-t--ro,pheno-l- rvj-tl-r 2-rnethylalryl c]:1or:ide in
bo-ilinc¡ acetone -j-n 'Lhe presence of potass-i-uin carbonatc+ ancl

sod j.u¿¡. l:::o¡rj-cle qð-ve o- ( 2-.ieet1:-y1alJ.yJ-o:l¡r) n-i-trcl:enzene ( g3 ,

o=f ¡ ;i=Ci'i= t Y=it.Cr) i.,hicl-l rr,.¡-s reclucecl rvith s-b,annou.s chlor:i.'iel00
to g-(2-nethyl.a-l-l-*,2-'l-o:ry)anilir:e (S:;c) in a goocl yielcl. The

alkyla'[.ion of o_-iritroi:henc1 rziLh 4-bromo-]--butene gave o-
( 3-butenvj-o;<y) nit::ol:enzcne ( g3 , n=2 , X=FI, y=bTO

2 ) ¡ r¡hich on
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reilr-rction \"iith stannor-".s chloridel-00 yic.l-cled o-(3-lor-r.tenylo."qz)-

a.ni-.ì-ine (33f ),

Several reac'bicn sche;.nes \^¡ere devi.sed for the unanr-big.urou.s

synthesi-s of o-(3-ì:u.beiryl)anitine (lO4). The first j-nvolvecl

the prepa-ration of the triohenylpTrosphoninm salt (IO2) from

.e- ( 3-chloropropyl ) lænz;rnilic-le (.lOl- ) , f o-'t_J-ov¡eiì by .Lre atrnent- of
(l-02) r,'¡ith socliuin hycricle ancj forrnal-deiryc.re gas to give (ro3)"

lllzci¡e1o=tu or- (:-o:¡ r¿onì-d have y:ì.erclecì tìre requi::ecl am-ì-ne

(104). T::ea'trnent of: the phosphonium sa-lt. (102) lvith sodi-'um

hyclr:Lclcl, hoÌ'lever, procluced no ylicle, (scheme 5.3or:ir)
ï't l'¡.:.E; fel-t that thr+ amicle proton of (l-o3) nalz be a.cidic
enou-çJh t.o be rernoved by soiliuur hr,rç'¡iç16¡, hence it, rvas thought
'tha-t. the i:hthaliroicle analoque of (101) r¿or:ld rre a morîe

convei:ien't in'termecl:la.te i-n the srznthetíe sequenceo

'Ire¿r'bment o:i the phthalamic acÍcl cleri.va.'bive of tetrarhydro-
qu-inol-ine (l-05, -{=iI) v¡j,th phos;phorou.s ¡reirt.achl-o.rio.ê-l'01' or

th:i-onvl cl:l-o.ridel-02 rr.nilcr rnâ.ny c'ìi-fferenf reacLíon conc.litions

. clici noL gi-v'e any o:f ì;he reguired ¡¡h,c?rarlj-mj_de (l-O6) but

irrstoad fo¡:rlecl the acicl chlor:l_cle (l-05, l(=CJ_).

Trea"trnent of o-nltrot,oluene r¡j-th potass-j-u:n ethoxide anrj

clieth¡2l oxal^a.te has bcen uiloror.lO3 to gi"ve ethyl (g-nitro-
phorr-yl)p_*¿n-rr;ate i:v a.J.l<yl.a.tion on the methyJ- groul:o

l\ccorilj-ngly it rvas felt ttra-t g-nitrotoluene night be alkylated
in 'the s¿.ine ma_ilner r.¡:i"th a-ll.1f broinicie anc. also v¡i-th 4-brolno_
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ct-
+

Ph) 3

N HCOPh

NHCOPh

NH COPh

L01

103

IO2

IO4

X

H2

i-06

l-05

Scherne 5. 3. ITI
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I-butene in the presence of a non-nucleophille base such as

sodium hydridei at room temperature none of the requi-red

products vtere formed, and at higher temperatures the reactions

became violent leading to the formation of tarry proclucts.

The Fittig-Tollens couplinglo4 of o-nitrobromobenzene

rvíth 4-brorno-1-butene gave a numJ¡er of by-products and a

very low yieJ-d of the required 9-(3-butenyl)nitrobeñzêrlês

The alkylation of t,oluic acid with bromobu'b,ane using

Iithium diisopropylamicle as base i^7as mentioned recently in

a note by Cregerl-os. By allcylatiorrlos of toluic acici with

allyl bromide an{ 4-bromo-l-butene we prepared o-(3-butenyl)-

benzoic acid (107a) and g-(4-penb.enyl)Ìrenzoic acid (1071r)

respectivel.yi unfortunately both p.rociucts contalned some

tolu.ic acÍd which coulci not be removed by crystallizat'ion'

I07 (a) r:'=2, X=Co
2H

2)n{H-CHz (b) n=3, X=COrH

(c) n=2, X=COCI

(d) n=2, X=COI'{H2

(e ) n=2, X=NFI2
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The rnixture of g-(3-butenyl)benzoic aeid (107a) and toluic

acLd was t,reated wtth oxalyl chlorj"de to give (107c) and

o-toluyl chloride, which rnrere conve rted wlth aqueous

ammonium hydroxide solution to (L07d) and o-toluamide;

this mixture of amides v¡as treated with sodium hypochlorite

solution Lo give, by the Hof-mann rearrangement, o-(3-

butenyl)aniline (1O7e) ancl o-toluidLne. The yield of (107e)

l,ras insuff icient for the proposed êsp¡re studles.
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5.4. ARYI-, RIIDICÀI, CYCLTZI\TIOÌq RE,\CTTO}qS BY TI-I-D

REDfJCTIOiÌ OF ARYL I ODT D3S i',ITl{ IlRf EjU'll¿LS'1¡\"1:Ilrl.Ail-.Ð

To facilibate comparison betweerr different. s;ys:terns the

reduc'tions described below were ca.rried out under the

follov¡inq standard conditions: -
(a) The reactions were all of 24 ttc.¡urs cluraLj-on.

(fl) The reaction n'rixtures in benzene solu"tion \^rere

se.rled uncler vacuutn i-nto reacti-cn tul¡e.g of the

sarne size.

(c) Reaction ternperatures lvere 130 * 3o.

(d) lÀzol:Ísisobutyronitrile was used as the radical

initiator in each caser

(e) The inÍt,ial concentration of the aryl io<Jicìe was

approximately the same in each cð-sÊ¡

(f ) Each aryl i-odicle r"'as reduced using four clifferent

concenLrations o:f tribu'b.ylstannane, which i^/ere

I1214,and B molar equivalents wi{:h respec't to the

iodo compound.

(g) All reductions vTere ca.rried ou'b. in <iuplicate.

(h) Bl-anl<s consístíng of the ary-l ioclide and

azobisisobutyronitrile in benzene solution were

run concurrently with the reduction mixtures; thís

ascert,ainecl that the iodo compound did not

rearrange under the react,ion conditions"

Det,ails of- the methods usecJ are given in the experimental
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section. I'U suffices to say here that. the reacLion nrixtures

were quenched with accu.rately weighed allquots of carbon

tetrachloride eontainÍng a known amount, of lnternal standarcl.

The mixtures were then a,nalysed by gas chromatography; the

area under each peak 1n the chromatogtram was deÈerrnined with

the aid of a printlng int-egratorn rlbsolute yields were

calculated Ï:y means of cal.ibration gra,ohs obtained by

analysíng, un<ler identicat conditions, accurately prepared

mixLures of the internal standard and the expected products.

Tables 5.4.I to 5.4"VITT Show the results obtained

ln tl.e reductions. Schemes 5.4,f to 5.4.VIII Íllustrate

the reactlons which might be expecteci to take place fn each

Câ.Sê ¡
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(i) Reductj-on of o-allyloxyiodobenzene (8Ba)

BBa

Bu Si1 
o

aJ

I
1¡ 1¡

J\

+

110 l_08

,-:lt: Ð I lrìl k_
t-

Tlu
3
Snjj

3

C.tl r 92a

Scheme 5 "4,I

oa
o

ltt-"1

109

V

93a

Bu Snil
3

Inr-t.r-aI
COftCFl o

of BBa
(molõZr )

Initial
COI'ICTT O

of
BurSnH

(moIes,/1)

ReLative
yield of

92aw
Relat ive
yield of

93a-
WT

Relat ive
yield of

94aw
Absolute
yield of
reductlon

(ir"¡

0.086 0.096 0o 100 72

0.096 o,r72 trace I0C) 0 quant.

0. 086 o.344 trace 100 0 quant.

trace 00.086 O. 688

Tabl-e 5.â"oI

100 gu-ant.
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(ii) Reductlon of -o*-(3-butenyloxy iodobenzene (Bga)

9¿r

ilu ê n
J

¡
1¡

a< -å-

1-
rr

-->,

1_t-3 r.tl- LJ.2,

t

ôö

I

,l

a

a

k'-t n?1llu
^ilJ

1¡
t 3

921-''

Scheme 5"4.TÏ

Bu SniI ilu- SnÌi
3

94,b 93b

I

InÍt.ial
COfiClI e

of B9a
(mo1Ðr)

Init ial
COfiCD r

of
BurSnH

(moles/I )

Re1atíve
yieJ-d of

92b
T/;T

R.e1atÍve
yield of

93b
ø

i?el-ative
yield of

94b'w
Absolute
yield of
reduct i.on

(%)

o"082 o,o74 I4 86 0 52

0.082 0.l_50 19 Bl_ o B7

0.082 0 "299 25 75 o 96

3B oo,oB2 0.596

Table 5.4.fI

62 99
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(iii) neduction of o- ( t+-aI lyl-N-methylami.no ) iodobenzene

B[]b

( BBb)

l-l_5

H3

Eur Sni{
3

o

c
I

c
I

Éu Èl n
H3

3

ktÊ
J

H3

o

J.T4,

1-
t. llu Snil

3

92c

Scheme 5.4.III

I
12

c

o
c

11.6

't¡,tt 3r-r nll

ôAa 93c

Tnitial
concn r
of BBb

(morãZr )

Tnitial
coficfl ¡

of
BurSnll

(note s/I)

Relatlve
yielrl of

92cw
Relat.ive
yield of

93cw
Relative
yield of

94c
f:rl

Absolute
yield of
redu.ctÍon

(%')

0.073 0.069 o4 96 a2

o.o74 o,l-46 o7 93 96

o,o74 o.294 T1 B9 0 o?

15 oo.o74 0.592

Table 5.4.fII

B5 (t(t
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(Ív) ReductÍon of o-f N- ( 3-butenyl ) -iq-methylamíno ] ioco-
benzene (Bgb)

89b

Bu n
3 '>

3

r1-7

1r
t' 3u

3
Snil

92c1

Scheme 5.4.IV

a

H c H3
3

cÐ

o

1L9 1J.B

1z

f.

0

nl-l1Þ
-)

Bu,tl ?,u Sni{
3

94d 93 cl

Initial
COïf Cfl r
of g9b

(molãVl-)

InÍt iaI
CODCïì r

of
ilurSnH

(moles,/1)

Relative
yield of

92d*-6
RelatÍve
yield of

93d
-Øt

Relative
yield of

94d
T.7T

Absolute
yield of
reduction

(%)

0.073 0.o74 36 64 550

0.073 0.148 3B 62 o 93

0.073 0.300 43 57 B6o

0.073 0.600 4B 0

*see later Table 5.4.IV

52 e7
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(v) ReductÍon of o--vinyio:<ymet'hyleneÍodobenzene (90)

90

l<

L]L] sn'1J

J.2A

c

ce
o

I22

97

].2)-

95

'tal
IlurSnL.[ j:iu Snil

3
,tt kt Ilu Snl-j

3

96

Scheme 504'V

Inr-t'1ar
CODCII ¡
of 90

(mo]ts,/l)

Initial
COÍICII r

of
tsuUSnH

(rnole s/r)

ReIatÍve
yield of

95
T7)

Relative
yield of

96
G)

Relatlve
yield of

97"(z)

Absolute
yield of
reduction

(%)

0.073 0.067 23 77 trace 37

0.073 0.155 36 64 trace 77

o,073 0.316 55 45 t,race 99

760.073 0.612

Table 5.4.V

24 trace 9B
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(vÍ) Reduction* of o,-a11y1o>qrmethylenelodobenzene (91)

9t-

a

_1.25

ltt Bu Snli
3

100

Bu SNa
J

a

l.23

Llu SnH.>
J

9g

Scheme 5"4.VI

klc<--s-
-ç-Ð"

124

kt llu Snl{
3

c

k, 
l

99

fnitial
CODCiI r
of 91

(moreãZl)

Inr-t-r-af
COIICfl c

of
Bu^SnI-l

5
(moIes,/1)

Relative
yield of

gg**
G,I

R.elative
yield of

99
GI

Relat ive
yield of

I00
GI

J\bsolute
yield of
reduct.ion

(%)

o.o72 0.o77 57 43 0 13

0.072 0. l4B 66 34 0 20

o,o72 0.300 76 24 0 6B

o,o7.2 0,599 B3 1.7 0 B5

Tab1e 5.4"VI
* Reaction time 12 hours

(Unreacted Íoclo comPouncl

:!c:k See late.f

(91) rn¡as present j-n aI1 the reactíon
míxtures )
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(vÍi) Reduction of o-(3-butenyl)iodobenzene (BBc)

BBc

Bu ù n
3

I

l\
c+

-9+,o

12,3 I2 L2

e

o

76

a

-.1tl( iìu- SnI-I
3

94e

Bu Snïi?J

92.e.

Scheme 5n4"VIÏ

Ðu SnH
3

93e

TnÍtia1
COI'ICTI ¡
of BBc

(molãVr )

fnitial
COnCTI ¡

of
BurSnH

(moles,/1)

Relatfve
yield of

92ew
Relative
yield of

93e-7;77
\/ol

Relative
yielci of

94e
võ"

Absolute
yielcì of
reduction

(%)

0.073 0.067 10 90 trace 63

o,o74 o.l_38 I7 B3 trace 97

o.o7 4 0.289 3B 62 trace quant.

500,073 o.563

Table 5.4.VII

50 Lrace o,uant,.
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(víii) neduction of o.-vinyloxyi-oclobenzene (BBd)

8Bd

Bu Sn'I
J

129 l-30

v c

IJ
kt Bu SnI]

94f

ô

nIlÐ.Bu
'ta I

3

92i-

Scheme 5 ,4 . VI ÏI

InLt'1.aI
COITCû O

of BBd

fnitial
collCfl r

of
tsurSnI'ï

(moles,/l )

Relative
yield of

92f_'wT'

Relative
yield of

94fw
i\bsolute
yield of
reduct.ion

(%)motãã/t(

o.o92 0.166 100 0 92

0.830 1000. 100

Tab1e 5.4.VIII

o 94
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(iit) (ii) -(viÍ)

( i.v)

(v)
lr

(vi )
,|

6

rr)

rl
a
()
rl
o
É

ti

Ë
[o

D
Êa

q-r
o

a

çi
U
Ê
o
O

o
ô

fopen-chain Productüfi"o"rized Productfl

KeI;- The nrurl¡ers (ii) {:o (vii) correspond to the numbering
of the reductions listed at,ove,

Diagram 5.4o1-
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For each individual reducti.on lÍst.ed in Tab1es 5.4"I t'o

5,4,VII the average concentration of st,annane duri-ng the

react,ion was calculated; êr$r 3-

(a) Ínitial concentration of iodo compound = 0.O73

moIes,/1.

(b) initial concentration of trj-butylstannane = 0.067

moles,/1.

(c) absolute yield of reduction = 637{.

(d) hence average coneentration of stannane =

0.067 + (0.067 (o.073 x 0.63) ) mores,/I
2

= 0.044 moÌes/L,

The straight lÍnes numbered (ii) to (vii) in Diaqrann 5.4.I

were obtaineci by plottÍng against, the average stannane

concentration the ratio of the relatlve yÍe1d of. the

uncyclized product to the relative yield of the cyclized

product for each individual reduction listecl in Tables 5'4'ÏI

to 5.4oVIT.

Normally, with slower cyclÍzation reactions fn which the

average stannane coneentrations are l-ower than the ones

employed here, the ratÍos of the relative yiel<is of cyclizerì

products to the relative yields of uncyclized products are

ptotted against the reciprocal of the average stannane

concentratiorr"Sst58. From such plots the ratj.o of the rate
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constant. of cyclfzation (k.) to the rate constant' of

hydrogen-atom transfer with the stannane (kt) are calculated

from the folrowing equatlonss'58'-

fcVclizeo productsl k I
c

kt

x

þo"r, chain proarrcl kt þursnH]

For convenlence this equatlon may be used 1n its reciprocal

form i. ê. 3 -

-ì
þe." chain nrociucll

[vcrizeo erooucts]

F"rt"Ù
Ikc

Thereciprocalformoft'heequat'lonwasfoundtobe

more suÍt.abIe for our resulLs sÍnce at low stannane

eoneentrations þn*n chain nroot'"t] / Eo"''Ízed procluctl

converges to zero because the relative yields of cyclized

products are much larger than {:hose of the open chain

products.

Table 5.4"IX shows the values of U"/R, obtaineci from

the plots (i-i) to (viÍ), in Dj-agram 5n4'r¡ with the aid

of the latter equatlon.

The varlues of k. are based on Lhe assumption that ka

for aryl racìicals has the valu.: of I x lo6li-1u""-1 as

determined for alky1 radicals5s. Tt is likeJ-y, horvever, that

l<, for ary]- radj-cals has a somewhat higl:er value for alkyl
c

radicals.
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Radical r0B lIL 114 117 r20 L23 126

kc/t<E 63 0.93 3.1 * o.I7 * 0.54

(m)

6.3x1o7 9.3x105 3.1xlo6 * 1.7xLo5 :k 5.4x105kc
( sec- I

*see later
Table 5.4.IX

This statement is based on the following ra'Lionale¡-

(a) It has been shown that for a1lcyl radicals the

value of kt increases in the orde::¡-

!-butyl ( n-hexyI (cyclohexyl (met'hyl

The above order is approximately the same as

the order of Lhe st,rengths of the c-H bonds whictl

are formed by the hydrogen-atom transfer process.

(b) The strength of the C-H bond formed in the

reactj-on of an aryl radical with tributylstannane

ls hÍgher than that of any of the C-Fi bonds

referred to Ín (a).

(c) Fience if the relat,ionship between the strength of

the c-H bond formed and the value of ktr as shown

1n (a), is general, then ka might be expected to

have higher values for aryl radicals than for

alkyJ- radicals. ThÍs ratj-onalizatÍon does not
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talce lnto accounL any st,eric factors which mÍght

hinder the approach of a tributylstannane towards

the radical centreo

The foregoing discu.sslon lmplies that in fact the values

of k- for aryl radicals are higher than the averaqe valuet'
of 106¡rr-1s."-1 calculated tor alkyI radicals. The values

of k- in Table 5,4.IX may therefore be taken as the lowest
c

limits rather than the actual values of kc. Nevertheless

this error in ka Ís 1Íkely to be constant throughout the

series of aryl radicalsr so that the relative values of

k would sti1l be the samer

/l<. for the reduction ofc'f
o-alIyIo>cyioclobenzene (BBa) could not be obtained accurately

since even when the average coneentrat-ì-on of stannane was

abou'b. 0.64 moles,/I, Lhe relative yield of aIlyI phenyl ether

was" less than Iî/p, Thls places a lower limiting value on

k-/R- of about 63 tli thus a lower limiting value ofc'tr -, -16.3 x 10' sec-'on k. for the cycl-i-zatlon of t'he o-a11y1-

o>q¡phenyl radical ( 108 ) .

Two of the straight. lines (iv) and (vi) j-n Diagram 5'4.7

do not pass through the origin. This índicates {:hat in

the two reactions, from v¡hich plots (iv) and (vi) are

derived, apart from the usual radical cyclization react.ion

and the intermolecular hydrogen-atom transfer there is an

alternative cornpeting process operating. As can be seen
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in Scheme 5.4.IX radicals (1l7) and (123) are both suitably

constitut,ed for i-ntramolecular hydrogen-atom transfer

reactions via G-membered transition statesT4 to gÍve the

ally1ic radicals (l-31) and (133 ) respectivellz'

3 H
3

Hc
I

N

H

1z,th

--+
o¡

I
¡

H

1.1.7 131. 132

lc
-eà

Ðrr^ SirlI

.l

J_23 l-33 JJ.4

Scheme 5 ,4.fx

Gas chromaLographic analysís of the produóts of the reduct'ions

in o.uestion supports such intramolecul¿rr hydrogetl-atom

transfer processes in the follov¡ing' manner:-

(a) tunongst the reaction products of 9-f N-(3-butenyl.)-

I{-methylarnino] Íoclobenzene (Bgb), there was a

peak elutecl closely before that due to the

uncyclízed reduced pro<luct (92d) and whj-ch could

not be resolved from ít completelyi this peak

H
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probably represents the colupound (J'32) formed

by hyo'rogen-atom abstraction from t'he stanna'ne

by the allyIic radical (131) at its terminal

carbon atom.

(b) SimÍIar1y amongst ttre reciuction products of

o-atlylo>qzmethyleneiorlobenzene (91) there v¡as

alsoanunreso]vecjpeaknexE'tothat'clueto(98)

which probably represents (134) formed in a

similar manner to (132) '

rt mus{- be mentioned, however, that the æ-stereochemistry

assigned to (132) and to (134) are only based on the

assumption that these. are more likel-y Èo be formed than t'he

cis--isomerst it is probable horvever that products (]-32)

and (134) are in fact mi><tures of cis- and lsens'-Ísomers'

Suclracompetingintramolecularhydrogen-atomtransfer

\^¡as absent in the reactÍons of the o-{3-butenyloxy)phenyl

radical (1I1) even though a simitar 6'-rnembered transÍtion

state cannot be e><cluded 01'ì inspectj-on of its molecular

model o

Returningnowtothecaseofthetr¡¡oStraightlines
(iv) and (vi) which did not pass through the origln' It' was

observecl that the íntercepts of these lines corresponding to

zerosLannaneconcentr¿rtionhadtheva].uesofo.55ando.9o

respectively.Theseintercept'smaybeinterpretedinterms

of the following t'reat'ment, which may be applied t.o the
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kinetics of the competing processes involved j-n either of

these reductions:-

kc

dA

dt.

dts

d{:

dc

dr.

õ.¿\

*

kt L*J f eursnrf

t.l

11 ["]

kt ["J f eursnn]
thus {-

dB

dt.

dc

dt. + kr, ["]

L"l

Þ" "Ð kr,

)ç

t"l t"] kr fe"rs"ril

+

+

= Q then t^l =Q

k

^ì)3
kt

l<c

hence + h.'

kÞl
when f n,rrs"u]

theref ore f .l

f"l

kc

kh

c

kt = rate constant of hydrogen-atom t'ransfer of

aryl radicals (x) '*¡ith the stannane to give open-

chaln product.s (a) .

k. = rate constant of cyc-Lization of the aryJ-

Key; -
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radÍcaIs ()() to the cycllc radi-eals (e) '
1, - rate constant of the intramolecular hyclrogen-
\-
atom transfer in the aryl radicals (;<) to form the

allylic radicals (c).

Thus it can be seen that the value of the intercept of the

straight line (iv) (liagram 5.4.T) at zero stannane

concentrati-on represents the rat,i-o of the rate const'ant of

intramolecular hydrogen-at.om transfer (:<n) to the rate

constant of intramolecular cyclization (1","). A símilar

argument app-lies Lo the intercept of l-ine (vÍ) at zero

starrnane concentratj-on, These intercept's correspond to

the ratÍos of tl're relative yietds of open-chain products

forr¡,ed by intramolecular hydrogen-atom transfer to the

rela'tive yields of the products formed by radical cycl-ization

at any one stannane concentration slnce the two rate

const.ants involved in these processes are Índependent of

the stannane concentrat'ion' This nov¡ aIlows us Lo calculate

what proportion of the open-chaÍn reduced products were

formed by Lhe intramolecular process and therefore what

fraction was formed by Íntermolecular 1:ydrogen-atom transfer

with the stannane êogo in Table VI:-

(a) Relative yield of cyclic product (99) = 43%

(b) Relative (combined) yield of open-chain reduced

products = 57iL

(c) The valu.e of the intercept at zeto stannane



-99-

concentrati-on = 0.90

(d) By the above Lreatment the relative yi-elcì of

open-chain product' by j-ntramolecular hydrogen-atom

abstraction = 43 x O.9O = 3B'7ì/"

(e)Bysubtract'ion,therelativeyieldofopen-chain

product (98) formed by inter¡nolecular hydrogell-

aÈom transfer with the stannane = (57 3B'7) =

IB r3"t'"

on this basis the Tables 5o4.IV ancl 5,4.VI may be presented
àt

in the modified form of Tables 5.4.IV and 5.4.\rI

respectively: -

*

ïnit,iaI
COfiCIl o

of Bgb
(molÐr)

lnt-t r-ar
COllCfI r

of
ilu^snHJ

(mole s/I)

Relative
yiel-d of

92d
by ]<

(%)

Rel.at.ive
yield of
92ð+I32
bv ]c

(';l'7

llelative
yield of

94d
by l<

(it¡

Absolu.te
yield of
redu.ction

('Á)
t. c

0 
" 
073 0,o7 4 o.B 35.2 64 55

2ô 34. J- 62 93o"073 o. -148

0.073 o.300 11,65 31.35 57 B6

Lg.40,o73 0.600

Tab1e 5.4-.ÏV
J.

28.6 52 97
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Init.ial
COIICFI r
of 9I

(morãã,/1)

Inataal
col'ìci1 r

of
Bu^SnI{J

(moles,/1)

Rel-ative
yield of

9B_

bv l<.
L

(;e ¡

Relative
yield of
9B+134
-b7Tc.

(%)

Relative
yield of

99
by

Absolute
yield of
redr-rc'tion

("rL)k
/o )

0.072 0,o77 19. 3 38.7 43 13

o,o72 0.148 35.4 30"6 34 20

o.o72 0.300 54"4 2L,6 27 68

o,o72 0.599 67.7 15. 3 T7 B5

.'Table 5.4,',/T

It is nor,¡ possible with Lhe figures available in Tables 5.4.

IV and 5o4"Vl to plot against the average stannane

concentratiotr the ratios of the relatíve yields of open-chafn

procluc.E,s (formed by intermolecular hydrogen-atom abstraction

from the stannane) to ttre relative yÍe1ds of cyclic producLs'
:{'-*

This gives tl-re Line (Ív") from the figures j-n T.lble 5.4.IV ,
*

and the line (rri") f'roln the fr1gures Ín Table 5.4.vI '

Diegram 5.4.If shov¡s these tj-nes, both of which pass through

the origin. The respective va.lues of- X"/kr, rvhich ma]¡ nov¿

be calculatecl as for the oiher reduetions, are f.5 Ii ancl

0.15 li for the reiluctions of q- f*-t3-butenyl)-i{-methylarni-n"] -

iodobenzene ( 89b) and o- (a11y-!-oxyrnethylene ) ioclobenzene ( 9^1)

respect.ively"
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-tc -, the res;_:ective
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'5

3

L

o 3 65+

Diac{ram 5.4.II

Tal<Íng the value of ka t.o be 1 x 10 6-1I"'l se

vaLues of k" are therefore 1.5 x to6sec-l

Tt rvas sholun above that the rat.j-os of }ih to k"are 0.55

ancl O.90 respectively for these abovementioned reductions.

This allorys us norv t.o deduce the valures of the rate cons'tants

of Írrtramolecular hycìrogen-atom abstraction (t<O) in the

raclíc¿r1s (117) and ç-23) to be 8,3 x 105*""'-1 and 1.4 x lO5

-1sec - respeetively. These are probab.ly the fÍrst estimates
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of the values of the rate constants of lntramolecula-r hydrogen-

atom abstractions (\) in ortho-substituted aryl radical-s.

Some typical rate constants of radical cyclizatÍon
reactions (f_) referred to in Lhe introduction are!-'c'

(a) S-hexenyl radÍ"u.155, 1." = 1 x 1o5sec-l

(b) z-(43-cyclopent.enyl)ethyt radj-ca1s8, k.= l. .9 x

10 4-1
4ããU\,9 .

ït may be be noted that the estimated rate constants of
cyclizat,ion that we obtained for aryl radical cycli-zat.Íon

reactions are higher than those determj-n.ds5t58 for alkyl
radicals

one can dj-scern definite trends in Èhe va-l-ueé o-r-' the
rate const.ants of cyclÍzation (k.) of the aryl radÍcals which

we have examined¡-

(a) Ttre o-allylox1zphenyI (1OB), g-(3-but,enyloxlr)-
phenyl (111) r 9- (il-a1ly1-N-methytamino)phenyl (114)

and g- [.*- t 3-butenyl ) -w-merhylamino] nr,enVf ( 117 )

raclicals, in which the sidechains are attaehed t,o

Lhe aromatic rings by het,eroatoms, have higher rate
const,ants of cycllzatj-on than the other aryl radicals
in t^flrich the sidechaÍns are attached to the

aromatic rings,by carbon atoms.

(b) Tn the three pairs of homologous aryt radicars (lo8)

and (11-1), (l.l-4) anct (tt7) and finally (L2o) and
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(123), the higher homo-logue, in which the c=C

double bond is j.n the 6-7 poslt'ion relative t'o

the radÍcal- centre, eyc]-j-zes more rapidly than its

pair v¡ith the double bond in the 5-6 posi.tíon

relati-ve to the radical centre '
(c) rt is interesting to"not.e that t'he radicals (120)

and (126) ' in rvhich the double boirds are in t'he

5-6 position relative to the radical centret

cycLize rûore slow1y than the raclicals (111) and

(11-7) which have the double bonds in the 6--/

positÍ.on relative to the radical centreo

Conclusions from the results obtained are discussed

in the next sectÍon.
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5.5. COITTCLUSÏCì:ífj

i\ nunl:er of 'b.heories have l¡een presented to explain the

collrse of cyclizat.íon reactions of alky1 radicals which

contaj-n a C=C clouble bond in the 5-6 position relative to t'he

radicalceni:reosomeofthesepostulates!'/elîeputforwarcl

befoi:e Kochi airrl il'.rusir"76 demotrstrated that the cycli-zatíon

of the S-Ïrexenyl radical can be observed by e;p.r. sl:ectro-

metry. They showed tha.t the cyclopentylmethyl radical Ís

a discrete intermediate in the cycliza.tj-on procêsSo This

constituies st.rongi evidence agains'b. tl-re theorj-es of I'am\,44

and i'r'a11ir.rg56 r,vhlch invol<ed the formati-on of an intra-

mol-ecul¿rr compJ-ex J:etween the radical centre aud the fi'-nonO

foll-owed by dÍrect hyclrogen-aLom l-ransfer bet'ween the

radical complex ancl the hydrogen-aton donor. lnloreover $7e

observed the ê,Pn1'o spec-tra due to the cyclic radÍcal

lnterr¡ecliates (85;r, b and c) formed by ring closure of gj;ho-

subs'bitutecl aryl radicalË r¿ith C=C double bonds in the 5-6

and 6--7 positions rel-ative to the raclj-caI centre. on the

basis of t.hese êoprf o observations rve can safely exclude the

possi-bj-1i.b.y tl-rat the stable produ.cts of r.rdical cyclization

reactiotrs are forme<l by hydrogen-atom Lransfer to a complex

betlveen the ra-clical centre and thefi'-bond'

ïn view of the proposals of sz,,r'a.rc and ninxs8 concern-

ing the nature of the transition state iu tl-re addition of

free radicals to dotrirle bonds (Chapte-r I-n2n ) j-t is erzident



-105-

that for the energet.ically most favoura-b.Ie process the

raciical mr:st a.pproach the double bond itr a. manner that

minimizes the di.anragnetic repulsion betv¡een the tv¡o s¡recies'

ïf the racìical approacires the Jf -electron cloucl of the

clouble boudr âs is suggested Ïry the postur.lates of Lamb44

Ê. a^

a.nd r,,'a11i-ugto, then this diarna.gnet.ic repulsion must l:e at

its matxiurllliTì.r T-L is reasonabl.e then, to assunìe that the

clirectÍon of radical attacl< liright be along the c=c axis, of

in .r direction perpenciicular to the nodõì'l 1:lane of the dou'ble

bond.'Ihese processes rninimi-ze dia.magnetic repulsion8o

I,ia-tsuol<a ancl Szorarc]-2 eIj-minated the possÍbilitl¡ of a-pproach

a.long the c=c axis by means orî experj-nental observaLioirs vrhich

ha-ve alreadlz þeen descrj-bed. F-urther eviflence agai¡st raciica'1

atta_cJ< a.t ong the c=c axÍs may be f ound j.n the observed58
I

cyc-'l-jlzatiou of the 2-( 
^'-cyclopentenr¡l)eLhyl 

raciical (69)

for wTrich attacl< 1n that part.icular direction is stericall'y

not prol:able" On the other hanci approach in a direction

perpendicular to the noclal plane of the doul:l-e honcì is

possible" Bohro anci nbe1t13 supportecl this latter mocle of

a-ttack, r.¡hj-ch j-s consistent v¡ith the molecu-Iar orbital

calculations of Greenwoodl4"

In acldit'i on to sr-rggest:tng ::adical attack Ín a direct'ion

perpendis¡r-lar to the nodal plane of the C=C double bond and

in a l-ine extencjing almost vert,ically from the carbon-atoin

u.nder att.ac]<n StruÌ:le, Becl<v¡i-tll and GreamsT advocated initial
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Ínteraction between the unpaired electron of the radícaI

cenLre and the lowest unoccupi.e¿ 1l 
* orbital of Lhe double

these views vTere also favoured later by

5B

Krusic and rochiTT explained the unusuall-y low hyper-

fine isotropic coupJ-j-ng constants for the p -Protons in

the eoprf . specLra of a series of p -het'erosubstituted all<yI

radicals Ín terms of Íncipient f ,3-bonding betv'reen the

unfÍlled 3d orbitals of the heteroatom and the p-orbital of

the carbon radi-ca1 centre.

These obsenvations lend supporu to the proposed5T'58

initlal interactÍon betr¡¡een the carbon radical centre and

the unoccupied î'* orbÍt.als in the addÍtion of free radicals

to C=C double bondso

One problem st.-it] remains unresolved: the p::edominant'

formation of S-membered rÍng products on radical cyclization

of subst.rates in whi-ch the double bond i 5 i-n the 5-6 posit'ion

relati.ve to the radical centre. On the basis that inter-

molecular xcldical adclition gÍves the thermodyuamically more

stable radj-ca1 intermedj-ate, it has been oft'en suggested t'hat'

on thermochemical grounds that such a mode of cyclizat'lon is

anomalousr It has been "hotr106 that dicyclohexylformyl

peroxl-de clecomposes about 30 tímes faster t'han dicyclopent'yI-

acetyl pero>cide i this large d-j-f ference in the respectÍve

rates of decomposition was at.trlbutedlo6 to the fact that
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the cyclohexlzl radical obtained from the forrner peroxfcìe is

more st,able than the cyclopent,ylmethyl radj-c.:rl derÍved from

the Iatter. Thu.s it may be saíd that cyclizat'ion t'o a

cyclopentylrrrethyl ra-dÍcal fs an energetically Iess f¿rvourat¡le

process than the alternative ring closure t.o a cyclohe>n¡l

radical.

Some light may be sheci on the above anornaly by brief

consideration of the results and interpretations of a few

non-radical cyclization reactions : -
(a) rt has been documen'ted1O7 that in the ring closure

of w -bromoalÌ<ylamines, the irregular trend of

rates Ís du"e Lo a combination of more regu,lar

trends in activation energy and frequency factor.

Tt, was observed thab, 4-bromolcutylamine cyclized

60 times f ast.er than S-bromopentylamine i a

larger frequency factor calculated for the

formation of the S-nenrbered rj-ng was given as the

main reason for its more rapicl formation. The

frequency factor for the formati-on of a 7-

membered ::ing amine was calculated t.o be much

lor.¡er than that f or the 6-membere<i rj-ng amine.

(b) The reactj-on of glycerol v¡ith formal-dehyO"lo8 also

brought out some interesting points. Formation

of the S-rnembered ring acetal was observecl to be

f aster, and thís product preciorni.nated with short



-108-

reacLion times¡ the acetal formation is revers-

ibleo and rvith longer reactfon times the 6-

meml:ered rinq a-cetal rva.s the major product, since

this is the thermodlmamically more stable species.

nLie1lo9 explained these observations ín terms of

, the ease with whÍch the ends of t'he cyclizing

speciesmeet;encounterismorefacilefotLhe

format,ion of the S-metnbered ring, thus lcinetic

control over a short period should favour the

formation of thÍs comPouncl.

(c) c.porrllo also discussed the factors influ.encing

rÍng closure. I-Ie supported the viev¡s of l¡1ie1109

ontheLopie,butaddedt'lrat,withincreasing

length of the ctrain that is closed, th; loss of

rotat'ionalfreedc¡mincreases.Thu-sthereisan
lncre¿rsinglyunfavourablelossofentropyon

ring-cJ-osure ruj-th increasing rÍng sfze'

It, may be state<i tha.t the argument.s of f requency f actors,

ease wif-h which encls meet and entropy factors aS discussed

in (a), (b) and (c) actually amou.nt to the same effect.

Only the expressions are clifferent.

Ju.lia anci I'iaumy35 advanced a similar argument to that

in (1r) to exp-lain theÍr results of the cyc-liz-ation reactions

of allcyl radicals which are stabilized by nej"ghbouring

functÍonal groups. They proposed that the cyclization of
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radicals contcaj-ning a C=C double bond in the 5-6 position

relative to the radical centre was u-nder kÍnetic control

favourÍng the formation of. S-membered rings, on the other

hancl rvhen the conditions rnlere such that the cyclization

reaction was reversible, thermodynamic control became

predominant leading to the formation of 6-membered rings.

aeckwith3T suggested that the relative rates of 1r5-

and 1rG-cycl.ization in S-hexenyl and related radicaLs depend

on thermoehernical fac'tors. When both possible processes

are highly exothermÍc and there i-s a small degree of bond

formation fn the appropriate transfÈi-on statesr 5-membered

rlng forrnation is more rapid, bu'L when the open-chain radical

is stabílized by neighi:ouring substituents and the cyclÍzation

processes are less exoLhermic, 6-mernbered rÍ-ng formation

beeomes more i-mportant.

Tt has been emphasi-zed in the introduc'b.ion that

. cyclizaLion reactions of al)<yl radicalsrvrhich are not

st,abilized by neiEhbouring substituent.s t are irreversible

under norma.l experimental condÍLions. Some exceptions to

this generalization rvere the observations of nrai4l and

Gorcion42 at high reaction temper.rt.u.res and the work of

Kuivila and hÍs collabor.tor=6o on the hígh1y strained

nortricyclyl ra.dical.
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Takingint'oconsi.derationtheforegoingdiscussion

our results may l:e best inLerpreted if the following

premises are made:

(a)Cyclizationreactionsofarlrlradicalsare

irreversible uncler the experiment'al conditÍons

- employecl, Ìrence the react'i-ons are governed by

kinetic control.

(b)Tnt'heinit'ialst'agesoÍ.-cyclizaLionthereisa

loose interaction betr'¡een the unpaired electron

of the radical centre and the lowest unoccr.rpi-ed

1l- 
* orbital of the double bond . .

(c) The raclical centre approaches the double bond in

a direc'tión which is perpendicular to t?re nodal

plane of the double bond and in a line extenriíng

almost perpendicularly from the carbon atom which

is being attacked.

(d) The unpaired elec'tron in each aryt raclical resides

' i* an sp2 hybrid orbital whicÏ¡ Ís in the plane

of the benzene ringo à

It can be seen by inspecÈÍon of molecular models

representÍng the raclj-caI species that:-

(a) In the S-membered transit.j.on state of the o-

allyloxyphenyl radÍcal (108) approach to the

more highly substitut.ed carbou-atom is quite facile,
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and is free of any steric hindrance.

In the trS-ring closure of the o-(3-butenyl)-

phenyl radical (126) there is some eclipsing

betr+een the hydrogen-atoms of the two methlzlene

groups in the side-chain, resultÍng in increased

1r2-interactions:-

In the 1rS-ri-ng closure of the g-(N-al1y1-!.i-

methylamino)phenyl radical (I14) tnere is again

some eclípsing between the N-CH3 bond and orìe of

the hydrogen-atoms of the neighbouring methylene

group, givi-ng rj-se t,o a slmiIarly lncreased I12-

lnteractj-on as in (b).

The approach of the radical centre towards the

less highly substituted end of the double bond in

the S-membered transition st.ate of cyclization for

the o_-vinyloxyrnethylenephenyl radical (I2O) is free

of the 112-interactions mentioned in (b) and (c).

\ \I
I
H

H

(c)

(d)
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Theact'ualdistancefrorntheradicalcentreof

the carbon-atom under attack is, however, somewhat

greaterttrant'lrosefortheradícalsmentj-onedin
(a), (b) and (c).

ThusonthebasisoÍ-stericinteractionsici.seasyto
perceive ruhy the radical (1OB) cyclizes^mueh more rapidly

than the radicals (126) and (114). On the other Ïrand the

slorver cyclizat.ion of the radical (:-2O) than of the t'hree

analogous radicals may be a'Ltributed to the fact that the

radical centre in this transition state is fu-rther removed

from the carbon-atom whicir is læÍng approached than in the

other three transi.ti-on stal:es.

The radj.cals (i11), (117) ancl (123), which contain

terminal doul¡le bonds fn the 6-7 positÍon relative to ttre

respecLive radical eenLres, uncìerrvent Ir6-ri-ng closure

exclusively to .give 6-membered ring compounc)s. InspecLion

of molecul-ar mode-ls of the radical species sho¡'ved that:-

(a) The 6-membered t.ransit,ion state for the cyclízation

o--(3-bu'benyloxy)pherrylrac¡'ical-(1Il')wasfreeof'

strain and steric interactions'

(b) The 9-t u- ( 3-butenyl) -N-methylamino] phenyl raciical

(117)couldundergolr6-ringclosurebyrneansof

atransitionstaeelvhichisa.]-sofreeofstrain
and steric interactions.

(c) Although the o-allyloxymethylenephenyl ra.dica1 (123)
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v¡as free of steric interact.ions in the 6-mem]:ered

transition state for ring closurer the distance

betrveen the radical centre ancl the carbon atonr

under attacl< was sornewhat larger than for the

ra<tÍcals (Il1) anci (117).

on the basis of the distances of the respective radical
centres frorn the carbon-atoms uncler attack it is clear why

the radicar (1-23) cyclizes at the slowest rat.e amongst, these
three radicals' rt is also cl-ear why intramolecular
hydrogen-atom abstractfon can be a compet.ing reaction with
the cycriza-Llon st,ep. rt is not clear, ho\,Jever, why (111)

cyclizes more slowly than (11.7) and yet undergoes no j-ntra_

molecular hycìrogen-ato¡n abstraction.

A molecuIar model of the o-vinylo>',yphenyl raclical (]2g)
indieates that in the S-memberecl transition state.required
for ring closure the dist,ance be.tween the radieal centre and

the terminal carbon atom of the sideehain i_s much larger
tnan in any of the previ-ous cases, rt. is not su.rprising,
therefore, that cyclization did not ta]<e place in this system.

T\,¡o factors seem t,o emerge from êorrelation of tire
reLative rate constants of cyclization and the favorrrability
of the corresponding transi-tion states for the cyclizations.
The rate constant is sensitive to st.eri-c interactions and also
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t.o va.ria.tions in the dis'tance betr^¡een the radical c(3ntre and

the carbon atom unq'er attacl<. Fleusler and Ka1vodt 1ll have

clemoirstrat,ed the exLreme irnpori:ance of a. fa-vourable

geomeì:i:y Ín the Lransítion state for int'ramol.ecular transfer

of hydrogen from cariron to oxygen.

It is possible to e>cplain vrhy the rate constaRts of

cycl.-i-zation of the aryl ra.dical-s, vrhi-ch we have exarai-ned

are ?r5-gher t-.ha.n those repo-rted for alkyl radicals, espeeially

for those arlrl radj.ca-l.s which coi:1!.ain the t-.erminal dou-ble

boncl in the 6-7 position relative to the radical centre.

1¡or the first part. of this explanation it is useful to

reÍterate the proposal- of C.porr110 which staLes tl-lat, vrit'h

increased loss of rotational freecjorn of a ntolecule, there

witl be an j-ncreasingly unfavotrrable loss of entropy on ring

closu.re. itven in the g-(3-butenyl)phenyl raciical (126) there

may be a srnal-Ier loss of rotational freedon than in Lhe

analogou.s S-hexenr/l radical, since in the former there is no

rotation about the CI.-CZ T:oncl rela.tive to the radÍc;¿l- centre"

Vlhen the or'Éþg-sul:stj-tuents a.re at't.ached t-.o the benzene

ring by mea-r:s of an o>rygen-atom as in raciicals (10S) and (111-)

or a nitrogep-atom as in raclicals (II4) and (11-7) there may

be an even srnaller loss of rotational freeclom in the t.ransi-

tion state, since the conjugation of the lone pai-rs of

electrons of- the he'Leroatoms rvith the benzene ring restricts
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rot.at.ion about these bonds.

An additi-onaI l1ne of a::gument involves the application

of llami-¿ondrs postulat eII2, which states that. for highly

exothermic reactions the transiti-on state reserobles the

startÍng matería1s, and for endotherroi-c reactions the

t,ransition stat.e resembles the products. For example

t4atsuoka ancl szwarcl2 shorned expe::imenLal-Iy that in the

transition state of the addition of methyl radicals to the

double bond in styrene, a highly exothermic reaction, the

incipient C-CI-I3 bonci is cor(rparatir¡e1y longi in other words

the transitjon st.ate resemJ:les starting materials"

The sLabilities of cycloalkylrnethyl radicals, formed

eitT,er by allcyl radÍcal or by aryl radieal cyclizat'ion

reactions, should l:e about the same' Thus the relative

exother¡nicities of the' respecti-ve reactions will depend on

the relatj-ve sLrengths of the nev¡ C-C bonds rvhich are forruecl

during the cyclizat.ion process. lSerrsorrlf3 quotes the

dissoc-i-eition ene::gies of the benzene-isopropyl and g-Propyl-

isopropyl boirds as bei-ng 87.5 and B0 lccal,/rnole res¡¡ectively¡

the strengths of these bonds rvouJ-d be expected to approx-

iinate Lo the strengt.hs of the bonds fonned by radical att¿rc]<

at the more highl.¿ substi'L.uted end of the ten^ninal double

bonds in ttre cyclizatj-on reactions of a::yl ancl a-Ikyl radica-ls

respectively. Thus to a fi::st, degree of appro>limation it'

can be assumed that the 7 .5 kcal/rnole difference l:etlveen the
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bond dissociat,ion energies quoted above represents the

amount by whÍch aryl racjical cyclization reactions are

more exothermÍc than 'b.he ring closure of the alkyl analogues.

rn terms of Hammond's postulate this means that', in the

transition states of the intramolecular cvcli-zation

reactions, the incipient c-c bonds will be longer than

those of the analogous alkyl radical reactÍons. In other

worcls this j-mplies that the fasLer rate of these reactions

is due to lo\,r,er losses of entropy in the transition states'

We have dernonstrated that Íntramolecular cyclizatÍon

reactions of aryl radicals, with ortho substitrrents

con.L.aininq C=C clouble bonds in the 5-6 or 6-7 positj-on

relative t,o the radical centrer occur r'/ith great êãS€o

UIe have also been able to confirm that the reduetÍon of

aryJ- iodi des lvith trj--n-butylstannane proceeds by a radica'L

mechanism. From accu::ate prociucL studies we were able to

estimaLe the rate constants of thes:e aryl raciical cycli-zation

react.ions, and to establish, in agreement with the results

of o,cher workers for the analogous a1ky1 r'adical cyclizati-on

reactions, that such intramolecu.l¿r-r aryl radical ríng

closure react,ions occur by radical aLtacl< at that. etrd of the

terminal C=C boncl rvhich is nearer to the betrzene ring.

'rlle were able to estimaLe the rate constants of two intra-

molecular hizcirogen-aLom abstraction reactions of aryl
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radÍcalsi these probably constitute the only quantitative

da-ta avaílable for sucli reactions' Furthermore 1ry eop'Jîc

investigations v/e have o..lrserved the spectra due Lo the cyclic

racjical int,ermecl j-ates of int::amolecular aryl ::adi cal

cyclization reactions.

Further worl< that could be done in order 1-o complete

these iuvestigations shoulrl include deteirnÍna-tion of the

absolute rates of recluction of æ-su.bstitut'ed aryl j-odides

ancl measu.rements of the rate cotrsLa-nts of hycìrogen-atom

a.bstraction froin tri-n-bu'Ey-ls|annane by the aryl radicals

f ormecl in these redu.ctions. Such determinat'ions could be

carrÍed or-rL by means of cal-o::i-met'rj.c methods in conjunction

with the rotating seetor techniqur.Ss. The lcnowledqe of

these rate consLants shoulcl enable more accurate estirnations

of the lîat.e constants of cycl-i-zation in the reac'bions

clÍscussed above o
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6.1. PREA}'IBLE

General

Melting points were determined usÍng a Kofl-er hot stage

and are uncorrected.

Microanalyses l^Iere carried out by the Australian Miero-

Ana1ytica.l Service, I\ielbourne o

Purification by column chromatography was achieved

usÍng I part of product to 50 parts of support.

Spectroscopie

Infrared spectra were determineci on llquid films, unless

otherwise stated, usÍng a Perkin-IJlmer 237 Grating Spectro-

photometer.

Nuclear magnetic resonanee spectra b/ere recorded with

Varj-an DP60 or T60 spectrometers at 60 l¡lfz. The spectra

vrere cletermined in carbon tetrachlori.de solution and

chemical shifts were measured relative to tet,ramethyl silane

as inLernal standard. The tîange of chemical shifts of

multiplets (m), i-n parts per million, are gÍven t'o the first

decimal pIace, The chemical shifts of singlets (s),

doublets (d), trj-plets (t) and doublets of doublets (dd)

are gi-ven, in parts per m1llion, to the seeond decimal
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placeo Coupling constants (J) are given to the nearest

0. 5 Hz.

Electron paramagnetfc resonance spect.ra were recorded

on a Varian E9 spectrometer (for details see tater).

Mass spectra were cietermined on a Hitachi-Perkin-lilmer

RI{U-6D double focusing spectromeeer.

Gas lÍquíd ehromatography

RoutÍne purity checks were carriecl out using Perkln-

Elmer 801 and BBI instruments¡ the latter v¡as equlpped

with a Perkin-Elmer 1948 printing Íntegrat,or. Both

employed flame Íonization detectors, and nitrogien v¡as used

as the carrier gas at a flowrate of 30m1/min in all
j.nstances. Preparative separations ',^¡ere achieveci by the

use of a Varian-Aerograph A,705 fnstrument, fitt,ed with a

flanre ionization detector usíng nitrogen as the carrier gâsc

Quanti-tative arralyses were carried out with the aid

of calibration graphs obtalned by analysing, under indentical

conditions, accurately macìe mj-xEures of an internal standard

and independently synthesÍsed products (for details see later) '
Routine purity checks are indj-cated in {:he text ast

for example, G.C.tro"î this means eolumn A was used at, a

tenperature of I2Oo.
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The lÍst of columns used:-

ê carbowax 2olr{ (LO"/l" on Aeropak 30 solid support of

mesh size loo-l2o) in zo1'x * ]itr. stalnless steel
TJ

tubing.

P.D.E.A.S. (3% on l\eropak 30 solid support of mesh

size 1OO-12O) in 14ft * |i". glass tubing.

S.8.52 (IO% on Aeropak 30 solid support' of mesh

sLze lOO-120) in 6ft x ått. staÍn1ess steel Lubing.

NÍtri1 gum (3:á on Aeropak 30 solid support' of mesh

size (LOO-I2O) in 2OfE " |i". stainless steel tubing.

B

!

Solvents

Diethyl ether was clistlLled from phosphorous pentoxidet

and stored over sodium wire. It was redistilled frc'n

lithium aluminium hydride immediately beforê Llsê¡

Tetrahydrofuran was fractíonated and stored on 4

Angstrom molecular sieves. It was redistilled from

lÍthiu-m alumínium hydride príor to use.

Dlethy1eneg1yco1 dimethyl ether was stored over calcÍum

hydrÍde. It, was redistilled under reduced pressure from

lithlum alumj.nium hydride before usêo

Dimethyl formamide v/as fractionated and st'ored over

4 Angstrom molecular sieves.

Acetone v¡as purifiecl by distillatÍon.

Chloroform, methylene chlor-ide, light petrol (b.p. 50-

600), hexane and pent,ane were all dried over calcium chlorj-de
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and distllled"

Carbon t.etrachl-oricle (reagent grade) was distilled.
Cyclohexane (reagent. grade) was dlstitled from calcium

hydrÍde.

Benzene (reagent grade) was dÍstilled from caLcium

hydride,

Startincl materiaJ-s

All alkyl- halides used vrere sLored over 4- Àngstrom

molecular si-eves and distilled before ü,sêr

Commercially available start,ing materials v¡ere eftl,rer

of reagent grade or \Árere purified in the appropriat,e manner

until they contaj-ned less than I?á lmpuri.ty.
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6,2, PiìEPARATION TODIDES A}TD E D

PRODUCT,S !'RO¡t THE TRI-n-BUTYLSTj\¡II{ANE REDUCTÏOirilS

A1ly1o>cybenzene (eza)

411y1 bromÍde (33.0g, O.25mo1e) rras added dropwise to

a stirred rnixture of phenol (ZS.5g, O.25mo1e) and anhycirous

potassium carbonat.e (38,59, O.25mo1e) in acetone (200mI)

at a rate that maint-aj.ned the reaction mixture at gentle

reflux" The reaction mlxture was heated under reflux for

B h.ro, then cooled, diluted wÍth v¡ater (500m1) and

extracted with ether (3 x 100m1). The combined ether

layers v;ere washed with 10?/. aqueous sodium hydro><icie

solutj.on (6 x tO0m1), v¡ater a-nd saturaLed brine, dried

(t'igsOn) ancl concentrated to give a liquid which was

chromatographed on basic alumÍna with petrol and ether

mi><tures as the e-luants. On removal of the solvent, the

resÍdue was dist.illed under reduced pressure to give

aIlylo=xybenzene as a colourless liquid (13,Og, 4O%) ¡ bnp.

lgo/tzrmn (lit ,]-L4 b.p. 7¡o/ttmm), ) ,n** 3o7o and 3030

1cH=cur), ).640 (olef inic c=c) , I23o (c-o), 980 a.nd 915 (cn=

C'rIz), 750 and 69Ocm-1 (aromat.ic monosubst.itution), ã 7,4

6. 6 (m,

(mr 2LI,

peak.

5H, aromatic IJ), 6.3 5.6 (m, ]H, CH=CH2)r 5"5 5.O

cH=CH2) and 4.5 - 4,3 (m, 2H, o-cFI2), G.C.froo or'r"

o-411o><yioclobenzene ( BBa)

i^lhen g-iodophenol was treated rvit.h altyl bromide, using



-L23-

the seme procedu-re aS c'escrj-bed above for the preparati-on

of- (92a), o-all1zloxyÍocloì;enzene was obtained as a cof ou.rless

liquid (48')1"), b"p, 141-f4 40/IBnm, (Found: c , 4L.5i II, 3.4i

f , 48,5" C,H'To requi::es Cr 4L6; Hr 3.5 i :-t48.B'/"),

I *_** 3O7O and 3O2O (Cir=CHr) I 1645 (olef inic c=c), l.245 (C-

O) I g9O and g25 (Clr=Cilr) and 745cm-1 (aromatic :-12 di.sul;-
-sti-tr-rt:-on), d 7 "g 6,2 (m, Á'H, aromatic H), 6.2 5.5

(m, J-ïJ, CF!=C¡1r¡, 5.5 5"O (m, 2Il, Cll=CFIz) ancl 4'7 4.3

(m, 2H, o-CH2 ) r m/e 260 ' Go C.fr'o ot* peak.

3 -i :e tl rr¡1be nz o f ltr a. n

The sequence ciescribcd in" organic Syntho="=f l-5 ."tu

used rvi''chout modi-ficat.iou.

(a) llthyl oC -chloroecetocaceta'Le lùa-sj obtained as a s1iç¡htly

ye1Io,r;ish 1iqu.icl ( 93?¿) b. p. Bs-ago/l7¡run ( 1it 
" 
1-15 b. p, 85-

B9o/17mm).

(rr) E.thyl o€ -I:Ï-i.:no><yacetoa-cetate was prepared from ethyl

oC-ch]-oroacetoacetate and socìium p]-reno><ide ancl used in the

next step without purificaLion'

(c) ìitì1y] 3-raeLhytcou.marj-late was obtained, frcxn cyclization

of ethyl oC-pheno):yacetoacetater äs a colourless liquid (5ï'.),

b. p. I2ao /I. Bm¡a ( tÍt. IL5 b. pn J-62-L67o,/16mln) .

(ci) 3-i.{ethylcoumarj-lic acid, obt.ained by hydrolysis of ti-re

above.ester¡ wcl.s a colourless crystalline solid (74L) ¡ ITlrpr

l-92-193o ( 1it,115 rRo,o¡ 192--193o) .

Decar-]¡orlzlation of 3-rnethylcoumarilic acid at 2BOo gave
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liquíd which v¡as fractiona-teci to gíve 3-methyllx:nzofuran as

a colou.rless 1Íquid (B6tá) ¡ bopo 195-l-97o (Iit,.115 1:.p. -t95

1970), t ,n.* l45o (cH3), t2BO (c-o) anct 74ocm-1 (arornatic

Ir2 clisubstituLion), cF Z"S 6.9 (m, 5ÌI, aromat-ì-c H) and

2,IO ( d, 3FI, J=f . 5 fl,z, CIi3 ) r G. C. frro orr* peal<.

3 -t*ethy-l- - 2 
" 

3 -d j.hycr'r obtl nz of u ::an (e3a)

The method describecl by Ãlexu.r.d*r83 for the reduc'E.ion

of benzofuran was rnodif ied in the f olLo¡"¡ing manner: -
The reaction vessel. consisted of two 100rn1 round bottom

flasks, connected at the 50m1 martc by mea.ns of a short glass

tube, vr.i-'th thej-r respective gror-rncì joints paral-Iel. Bulb

A was f itted l¡ith a ref lux condenser carrying a cirying tube r

v¡hi-lst buli: B was fitted with a ground glass stoppern Sociium

(2.Og) was introcluced into bu.lb B, and 3-methylbenzofuran

(1.0g) in absolute et,hanol (5m1) was placed -ì-nto bulb ¿1.

fhe reactj-on vessel v;as placed into a boi-1-ing v.zater bath v¡ith

both necks vertical. Vlhen the sodium was molten, the

boiling solution in bulb À was Lipped j-nt-o buJ-b a, and the

resultinq mi><turê tr?ã.s heated under refj.ux in the v¡ater trath

until the rnÍ><ture bclcame viscous. The apparatus r"ras then

brought bacl< to its oriEinal ,oosition ancl ethanol (5mI) was

j-ntrocluced 'L.hrough the eoncìenser j-nt,o bulb A, brought to the

boil and tÍpped into br-ilb B. The reaction mi>cture was agrain

heated under reflux untíl it became viscous. This lasi:
procedurc lvas repeatecì se-veral tinres un'tiI all the sodiurn haci
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reacted. The reactÍon mixture was then poured into wa,ter

(150rnl) ancl extracted rvith ether (3 x 50m1). The cornbined

ether layers were washed with saturated brine, driecì (ivigso4)r

concentrated, and distilled to gÌ.ve 3-rneb.hyl-2'3-dihydro-

benzofuran as colourless liqu.id (O.BBg, BBr¿), b.P. 7Bo/

t2nun (rit.1f6 b.p. 86-870/romm),\) 
^u* 

146o (cH3L 1225

Ltution), d 7.3

6,6 (m, 4H, aromatic H), la,øO (m, tH)r 4.OO (m, lH),

3n4-5 (m, lIJ) and 1.30 (dn 3H) ' o-Cil2-CII-CH3' ABXY3' JÀB=

8.5, J-"=9.o, J"r=7.0 and J-*, 
^=7.o 

nt] , G,c.laoo one tnajo::
"'3

peal< (>99ró) and one small peak 1<L%) (3-methylbenzofuran).

chrqlfan ( g4a)

Ttre reaction sequence of Deady q!-ru.l.I17 to" userJ:-

1r3-Dipheno><ypropane was obtained as a colourless crystalline

soricl (F'4%)¡ rnrpr 600 (lit'.117 Iûrpr 60o). cyclization of

1, 3-diphellox-vpropane with anhydrous aluminium chloride

gave, after dj.stÍl-lation, chrornan as a colou.rless l-iquid

(84?1), b.p. 94-950 /tzmm (1it..117 b.p" g6-rooo/16mrn) , ) max

12.25 (c-o) anO 75ocm-1 (aromatic 1rZ-disubsLituÈion)¡ cf
7,O 6.4 (m, 4H, aromatic H), 4.o2 (t, 2H, J=5 Ë'2, o-cí2) t

2.67 (t, 2'Ã, J=6 i1z, benzlrlÍc CH) and 2.J- 1.6 (m, 2I1t CH2) t

G.C.tro" one peak.

( 3-l;ut.eny-loR¡) benzene (92b)

A mixture of 4-lcromo-1-but.ene (7.42g) and sodir¡n phenoxide

(5.aOg) in rvater (5Om1) were boÍled under refl.u.x for 3.5hr.
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The reaction miyture rvas cooled, cliluted witl-r water and

extract.ed v¡i-'ch ether several times. The combined ether

l-ayers \.rere v¡ashed wi'bh lO?á aqueous sodium hydro><ide

solu-Lion, \,,ra-Ler and saturated brj.ne, <iried (l'lgsor), and

concentrated to yield a liquÍd (5"74g), This c::ude

product vzas purj-fíed by chromatography ol'ì basic a1umina

rvith ligh-r petrol as the eluant. The eluat.e v¡as coucet:tratecl

and clistillecl under ::eclucerl pressLlre to give (3-butenyl-

o>cy)Lrenzene as a colourless liqu{d (3.079, 42;L) ¡ b..T). 130

r3ro/72Tm3, (Iit.J'18 b.po 2ogo/76omrn), ) *.* 3o7o ancl 3o4o

lctt=cHr), 1640 (oj-efinic c=C) , l-235 (C-o), 985 and 9I0 (CH=

cI12) , '. 50 and t 85cm-I (aromat-Í-c m.onosu.bstÍtution) r cr

7.4 6.6 (m, 5I{, aromatic H) ' 6o 3 5.5 (m, lH, cFf=cHr) r

5.3 - 4"8 (rn, 2t.t.t CH=C!12)r 3"87 (t, 2H, J=6.51r2, Q'CHI) ancì

2,7 2.2 (m, 2TJ , allylic cI-I2 ) ' G 
" 
cj.lttoo one peak,

g- ( 3-i:utenylo>¡z) iodobenzene ( B9a )

l\ mixt.ure of o,-ioclophenol (4.:0g¡, soQ'ium hydroxi-de

(O.BOg) and 4--bromo-I-butene (2.sog) in water (20m1) was

heatecl uncler ::eflux for 5 hr. 'fhe cold react-ron mixture

vras diluted rvith t^/¿tter, and **ttactt.d v¡ith ether severa-l

times. The combined ether layers rdere v¡ashed lvith 10%

agueous socliurn hlzclroxi-de solutioir, wcr.ter and saturated brine,

dried (t.'tgsoa.) and concentratecl to give a liquid. Tl-ris

crrr-de procluct rva-s chroinatog::aphc.id on basic alumina wj-th

light petrol and ether mi-;ctures as the el.uants. The eluate
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vras concentra'bed and distilled under reduced pressuJte to

give g-(3-butenyloxy)iodobenzene as a colourless liquid

(3.J-lg, 5TÖ¡ b.p, I46-r4ao/r3mn, (round; c, 43. 9i Il, 4,oi

T, 46.4, CIOIJIIIO requÍres C, 43.8¡ H t 4.O; I , 46,3')/") ,

I *r* 3060 and 3O2o (cir=cur), 1645 (olefinic c=c), 1245

(c-o), 9BO and 915 (cn=cltr) and 745cm-L (aromatic I12-

disubstitution), ü Z.g 6,4 (m, 4H, aromat,ic Il), 6.4

5.6 (m, llt, CH=CH2) r 5.4 - 4,9 (m, 2H, cFl=CH2) r 3,97 (t,

2LI, J=7 Hz, O-CII2) and 2.8 2,4 (m, 2H, allylic cÉi') t m/e
1?274, G. C. ir.o one peal<,

3-Pheno>rypropj-oni-e acid
119The method descri-bed by Powell v/as used to prepare

3-pl-reiroxypropioniç actd as a cdlourless crystallj-ne solid
(10?á) , ïr.rpr 9Bo (1í{:.119 ilrcpr 9Bo) .

4-Chromanone
:.3;PhenoxypropionÍc acid was cyclized in polyphosphoric

acid using Lhe procedure described by Parharn and Huestis

to give, after dist-i-Ilation under reduced presst-lre, 4-

I20

chromanone c1s a colourless liquid (5L%), b.F, 77-7go/O"25nun

(1it,.120 b.p. 7B-Boo/o.3om¡n) .

4-l'iethylehrorna-n ( g:¡ )

(a) 4--t'iethyl-4-chromanol

i'iethyl iodide (3.Og) Ín dry ether (10m1) vras added

dropwise to a stirred suspension of magnesium turniugs (0,48g)

in dry ether (10in1) at a rate that maj.ntained the reaction
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mj-xtLlre ê'tt gentl.e reflux. The ::eaction mi>r.ture was tlten

stirrecl aL room t.emperature for 2 hr. ¿\ solution of 4-

chroma-none (1.98g) in dry e'Lher (20mI) was adcìed dropwÍse'

wit-.h s'L,irring, to Lhe reactíon mixture so tha.t it was

maintained at gentle reflux. The reaction mj-xture was

stirred at room temperature for 2 h1^., then a.n excess of a

Saturated aqu.eou.s solution of ammoniurn chloride was addeclt

and the resulÈing mi>lture Stirred at roorn temperature for

I hr, After fil-tra-tion the ethereal layer v,ras separated

and the aqlieous layer was extracted v¡ith ether (3 x 20mI).

The combj-ned e'Lher laryers were rvashed rvith satul:ated brine,

dried (tr1arSon) and concentrated to give the required

alcohol (I.Azctr) vzhich v,zas used in the next step withou't:

pu.rif j-cation.

(b) 4-Iiethyl-4-chrornanol (L,42ÇJ) from the previou-s

preparatj-on rvas dissolved j-n ethano-'l- (5OrnI) ar:cl platj-rrurn

o><ide (O"O5g) rvas adcled" This mi>11-ure rvas shal<en uncler

an atrrrosphere of hydrogen until no more hycìrogen was

absorbed, then f.ilterecl through a rlad of Celiter concentrated

ancl dÍst,ilIed uncler reduced pressure to girze 4-methylchror¡an

as a col.ourless licjuÍd (I.4Og, 7O?!, overall yield), b.po -t02-

t.oLo/Lzn¡n (Iit. ,!2r b.p. Bo-goo/Srnm), )) 
^o* 

1460 (cI'I3) r )-23o
(-

(c-o) and 745cm-'] (aromatic 1r2-disul:stitut.ion), ò 1,I

6" 5 (m, 4I1, arornatic FI) , 4,O5 (t, 2H, J=5 Ifz, O-CE!2) t 3.l-

2,5 (m, JI-], CH), 2.3 I.4 (m, 2H, Cfl) and I.25 (d,3H, J=

7 r'rz, CiI3) r G.cofroo o.,* peak,
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2, 3, 4, 5-Tetrah¡¡dro-1-benzoxe Þ1n ( e4b)

The procedure described by Baddeley et_ral.I22 *u* used

to prepare 213 r4r5-tetrahydro-r-benzoxepin as a corourless
lÍquid, which solidifieci on standing¡ b.p. g}-g2o/gntm

(tit ,r22 b.p. B6-Bao/z**), J max (ccr4) , J-23o (c-o) and

745cm--1 (aromatic lr 2-disubst,i'Eution) , ,l Z ., 6.5 (m,

4H, aromatic ËI), 4.2 3.8 (m, 2!J, o-CH2)r 3.0 2.6 (m,

2r-r, benzylic clr) and 2.2 1.6 (m, 4H, e12-cr-rz), c.c.orroo
one peak.

N-Al- hz l- -ll -rae thrzl arn i n obe n ryãñã lozc)
This reactÍon represent,s 'Lhe standarcl alrcylatfon

procedure used for the prepa-ration of all of the tertiary
amines from secondary amines.

A stirred mixture of N-methyla.minobenzene (16,05g, o.15
mole ) , aIIyI bromicie (27 ,23g, o. 225mo1e ) and anhydrous

sodium carbonate (9,54g, o.o9mole) in a 4¿r ethanol-\^rê.L.er

mÍxture (75rnr) rvas boiled under reflux overnight. l,lost of
the ethanol ancì excess ally1 l:romicle was then removecl on a
rotary fil-¡n evaporator u.nder reduced pressure. The residue
hras diluted with water (looml) ancl e>(tracted rvith ether (3

x Soml-). The cornbined ether layers v¡ere washed witfi v¡ater

and sa.turated l:rine, dried (ltasoo.) and concen.tratecì to
give a liquid. This crucle product was chromatogra-phed on

silíca gel vrith light. pe'trol ancl ether mÍxt,ures as the
elu.tnts. The eluate rvas concentro.ted anrj disLi-Iled under

reduced pressure to give i{-al1y1-l.j-methylamino}¡enzene as a



-130-

colourless liquid (J-I'849 , 547',)¡ b.p. t1B-12Oo /ZSnm (lj't ,I23

b.po 2L6.-2I7olZOOmm), \) o..ax 
3O7O and 3O3O (CiJ=CI{r) r 2A1-O

(N-crl3), 1645 (olef inic C=C) r 1350 (c-n) 
' 

9BS and 910 (clt=

CH2) , 740 and 685cm-1 (arornatic monosubstitut'Íon) r d- Z't

6,5 (m, 5H, aromatÍc lI) ' 6,2 5'5 (m, IH, CH=CLI2) t 5' 3

4.8 (m, 2lr, CH=C':!?) t 3'9 3.7 (m, 2fl', N-CI]2) and 2,83 (s,

3II, l$-cH3) r G.Cofooo oto Peak'

1, 3 -Dirne thvl i-ndo-le

The method describecì by Rees and smithenl24 *u, used to

prepare 1r3-climethylindole as a slight,ly yellorvish liquid

b.p. 66-670/o.35rnm (-lit. .r24 b.p. 72-730/o.4mrn) , ,l , .'

6,7 (m, 4H, aro;naLic Fi) , 6.50 (s, ÌH, pyrrole ring H) , 3 ' 45

(s, 3FI, N-cH3) and 2,25 (s, 3il, c-cI-I3) r G.c.looo ott" ¡:ea-ko

t , S-¡imetl-rv-lincloline ( 93c )

The procedure descrj-be<1 Ì>y Smj-th and Utley8g fot the

cat,al)ztic reduction of 3-methylindole to 3-methylindoline

r,¡as useci for the reduction of 1r3-dimethylinciol-e to give

1r3-dir-1ethy1-i-nclo1ine as a colou-rless liquid (97%) b.p.

ltoo/ztnun, J ,nrr. 2960 and 2a6o (c-clt3), 27oo 1it-c[t)'

1460 an<l Ì365 (C-Ci"13), ).32O (C-t'l) and 735cm-1 (aromatic J-12-

disubstituLion), J Z.f 6.o (m, 4H, aromatic H)r 3.6 2.8

(m, 3H, I'T-CH2-CII), 2.65 (s, 3i{' l'l-Cl-i3) and l-.25 (d' 3H, J=6

Hz, c-cH3), G.c.loo" one najor peak ( >99;¿) and one small

peak ( < 1;¿), pj-cratê ITrrpr l.1o-111o (lit'.I25 lrÌopr 111-112o).
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l.i-methv-l- -J., 2. 3 . 4-totr ahvciro¡ruinol-ine (eac)

i\ stÍrred mixture of I 12 ,3 r 4-te'Lrahvdroquinoli-ne ( 19.

959), methyl ioclicle (3J-.95g) and sodiu.m earbona'Le (9,54g)

in 4:1 ethanol-rvater mixture (75m1) was boiled under reflu><

overnight, then v¡orJced-up by the stanclard procedure t.o give
N-methyl-f , 2,3 r4-tetrahydroqr-rÍnoline as a co-lourless Ìj-qu_icl,

)cnp" r27-rzgo/zzrwn (lit ,126 b.p. j-Lzo/,g.s**), I *u.' ,rro
(N-ciJ3) , 131-0 (c-x) and 74ocm-1 (aromatic 1r 2-<ìisubstitutlon) ¡

,f l,O 6.I (m, 4H, aroma-uic H), 3o3 - 3.0 (m, 2H, bI-cH2) r

2,Bo (sr 3iJr i'ü-cH3) r 2,7o (t, 2Tr, J=7 Hz, benzylic c-rr.y' and

2,I l. 6 (m, 2H, crl2), c. c. ÏOOo one rna jor peak ( > ggtÐ ancl

one snralL peak (< li¿),

o- ( l{-Forrnylamino ) i odobenz e ne

The method describe dL27 for the f ormylation of o-am.ino-

ethyJ-benzene v¡as mociified in the folror^¡ing r,zays-

A mixture of o-arninoiodobenzene (43 . BO, o 
" 

2omoJ-e ) and

99i'! forr¡ic acid (25g) in clry benzene (2oom1) was boiled uncjer

reflux r.¡ith a Dean-stark wate-r separator att,acheclo lVhen no

more wate.r r+as beirrg collected the separator Ì¡ras ernpt.ieci ald
a furtlrer port.i-on of 99)/" formj-c acid (z5g) !¡as aclded to the
reaction rnixture, whÍch was again boiLecl under reflu.x untif
no more rqater v¡as being collected in t,he separatorn The

benzene and the resÍclual formic acid were then rernoved uncler

pressure on a rotary fil-ni evaporator ¡rnd the solicl resiclue
r'Jas recrysüalliseci from a mixture of hexane and inethylene
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chloride to give yellovzistr cryst,al-s of 9-(t':-formylamino)-

Íodobenzene (33,69, 67r/,) Iûrpr LlO-lII'50. A smal1 sample

was recrysLallÍsed to constant melting pointr îì.P. 113-ll-3.50

(1it ,L2B rrrpc 113-113.50) .

S¿- ( iv-1.:ethylamino ) iod obe nze ne

The general procedure descrj-bed by Brorvn ancl Heim87 f-cst

the reducti-on of carboxamides to amines v¡ith diborane rvas

modlfÍed in the follorvj-ng manner:-

Diborane v¡as generaLed, under an atmosphere of high

puri'b.y nitrogen, by the slow addition, during 4 ht, , of a

satu.rated solution of iodine (63.59) in dry díc;thylene-

9lycol dÍmethyl ether t,o a stirred suspension of sodium

borohyclride (19g) 1n dry diethyleneglycol dimethyl ether

(SOOml), The nascen'L diborane was bubbled j-nto a stirred

solution of e-(i;l-f ormylamino) iodobenzene (30.99) in <iry

tetrahydrofu-ran (25OmI) which rvas kept at Oo uniler an

a'Lmosphere of high purity nitrogen. I'fhen the addj-t.íon of.

the iodine solution rvas conplet.e, the con'tents of the

diborane generator were heatecl to and then kept at 7O-BOo

for 1"5 hr. in orcier to drive over the last traces of

diborane into the reaction mi-xture. A ground glass stopper

was then sul:stituted for the diborane inlet tube in the reac-

tion vessel and the Íce bath was removed. The reaction

mi:'.ture, still under an atmosphere of nitrogenr v/as then boiled

under reflux for 2 hr., then cooled to roorn temperaLure and
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allowed Eo sLarnd overnight. The reaction mi><Lure v¡as

then cooled to Oo and aquclous hycìrochloric acicl solution

(40m-1, 6i{) vrars added cìropw-i-se wiLh stirring. When the

addition rvas Conplete, the reaetiou mixtu-re rvas allov¡ed to

warm up to roorn temperature, and v¡as then heaLed slovrly to

600, Í'ühen no nore hydrogen was being evolved, the

reaction mixtrr.re v¡as al-l-oived to cool Lo room ternperat.ure,

ancl the solvent '¡as removed uncler vacu.um (30mm) v¡ith the

aÍd or-- gentle Ïreatj-ng. The residue v¡as then macle allcaline

by the dropr.¡ise addition of 10iú aqueous sodiurn hydroxide

solution ancl e><tractecl wj-th rnethylene eh-lorÍde (3 x 20Cm1)'

The combined rnethyJ-ene chloride la1rs¡s trere v¡ashed t¿i.th

$'ater, drierl (itarson) anci concentrated under reduced pressure

to give a darl< red oil (29.629). T'he crude product rvas

Ímrredj-ately chromatog::aphed on silica gel (1500g) usíng

hexane and ether ni>ctu.res as the eluants. The progress of

the e1u'tion v¡as folLov¡ecl by gas chrorna-togra.phy. On

concentratÍon of the elua-'ce o_-(tt-rnethylamino) iodobenzene was

olc'tained a.s a slighLly vel.l-owish lÍc¿uici (25,499, BBi¿),

À sinall sample lu"as distilled under ::educed pressure gíving

q-(il-methylcrrnj-no) iodobenzene a.s a- colourless liqr-rid b.p. 108-

IIoo/4,Srniil, (ilouircl: c, 36"49 I.I,3.4i ld,6.J.. cTHBtilT requrires

e, 36.1t H, 3"5t t'í, 6.Ot¿), 't ,n** 3420 (X-n), 2Bl-5 (tr-

CI{a ) , 1310 (c-li) and 735cm-f (aromatic Ir 2-disubst j-tut j-on) 
r

{r,, 6.2 (m, Afr, erromatj-c ä), 4.4 3.7 (m, 1i-ï, l.TFi) a-nd

z,Bs (s, 3H, i$-cH3)r m/e 233, c.c.froo o.," .oeê.]c.
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g- (N-atlyl-i':l-metirylarnino) iocìo1:enzene ( 8gb)

A rníxture of o- (i'I-methyl-a-mÍno) ioclol:enzene ( 2. 33g), al1yl
brornide ( -t.34g) and soclium carbonate (O,64q) in 4:1 ethanol-

rvater mÍxtu.re (5m1) rvas boileci under ::eflnx rvith stirring
for 24 hr. I" srnall sample vrats then r.¿ithclrarvn and worked-

up in the s'b,andard manner. linaJ-ysis by gas chromatography

Índicated the presence of a small amount, of the starting
a¡lr-ne. 4,11y1 brornicìe (0.45g) and sodiunr carbonate (0.23q)

were addecl t.o the reaction mixture and boiling uncler reflux
\nras conti.nu-ed fot a further 24 Tt. The reactlon mixture

vras then vrorl<ed-up in the s'b.andarcl manner givfng, after
distillatj-on under reduced pressLlrer 9-(r:r-a11y1-if:methyl-
amino) iodobenz,ene as a col-ourless J-iquid (I.759, 64')A) ,

b.p. B3o/2mtn, (:.round ¡ C , 44"2i FI, 4u4. ClOFI:-ZfN requj.res

c' 44,o; H, 4.4t3), t ,n"r. 3o9o and 3o2o (cHr=cit), 2BOo

(N-cï13 ) , 1645 (oIef inic c=c) , .t350 (c-irr) , ggï e-nd 9-l-O (CH2=

CH) and 755cin-1 (aro¡nati.c Ir 2-disubst.itution), & ,. n

'6,2 (m, 4H, a.romatic iJ), 6.2 5.6 (i,r, tl-j, CÌ{=CH2)r 5o4

4,9 (nr, 2il, cti=cHr) r 3,7 3"3 (m, 2H, N-cH2) and 2,65 (s,

3LI, I'i-cH3 ) , m/e 273 , G. C. ÏrO" one peai<.

i{ - ( 3 -bute nr,¡l ) -il -me thr,¡la-n.'. i n obeniie ne ( 92c])

ri sti::red mi-xL.ure of it-rrreLhylarninobenzene (g"o25g), 4^

b-romo--l-butene (13 
" 
5E) and sodium carbonate (4.7'lg) in 4tr

e{:ha¡ro1-t,¡ater mi><ture (4Omt) r,va.s boileil under ref-lux over..

niqh[" The reactioi: mi:<'Lure 1.,'as v¡or]<ec'l-up by the stapdar:cJ
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'proceclu.re, and gave, after distillation uncler reduced

pressure, H-( 3 -bu.Le nrzl ) -l.rl-methVlarn-i-nol¡e nz ene a S a col our Ie s s

li-quid (9.45q, 59;Ö ¡ bo p. I]"4o /I2mm, (Found : c , BI.'7 3 I-i,

g.4. clLFlLsl{ requÍres c, BJ-.99 IIr g'4iìá) , I *".* 3O7O and

3030 (CH|=CU) , 2BIO 1iS-Cna ) , 1.635 (oIef inic c=c) , 1340 (c-li) '
9so and 905 (cHr=cu), 74o and 69ocm-L (aromatic mono-

su.l:stitution)rcf l,z 6.4 (mr 5Ì1, aromaticH)r 6oL -5.4
(rn, IH, Ciì=CIìr)r 5.3 - 4,8 (m, 211,, CH=CIIr)r 3.5 3,2 (rn,

2H, ìf-cli2 ) r 2.go ( s, 3H, ¡T-cH3 ) and 2.5 2.o (rn, 2H, allylic

C-rrZ), m/e -t6l-' G.CoiOO" one peal<.

g- f u- (3-1:r-rienyl-) -ri-rnethylamino I ioclobenzene (B9b)

A mixLure of g- (tt-rnet,h1zl¡rinino) ioclcbenz,ene (4.01-g) '
4-bromo-1-butene ( 3. 609) anci socl j-um carbonaì:e (I.ZBq ) in 4: t

ethanol-v¡aLer mÍ>ttu..re (I0m1) *1= boileci under refl.ux over-

night" A small- sarnpJ-e rvas then r,¡j-thc-lrarçn and r.rorJced-up in

the usual manner. Analysis iry gas chromatography j-ndicated

the presence of start.j.ng amine" Sodium carbona'h,e (l-.28g)

anci 4-l:romo--'l--butene (3.609) vrere then adcled to 'bhe :ceactj-on

mÍxture anci boi-ling under refJ.ux rsas contjnued fcr 14 days"

From ti¡,re 'l-o time sa-m¡:Ies r¿;erê v¡j-thcira\'/rl cLrid analysed by gas

chroirtatography, i\t the eud of 14 cla:¡s soine star:'bi-ng amitre

\"¡aS founcl t.o by present, Fu.rther portions of 4--bro¡no-ì-

butene (2"1:-Og), socliu,::n ca::bolate (0.85g) anci 4zI ethanol-

r,tater mj-::ture (5r¡1) rve-rr: theu acir.led to the rea-c'tj-on mi;<Lur-re

ancl l>oj-'l j-nc¡ rrnc]er reflur.x'.va.s contj-nuecl for another 7 ¡l¿r¡so



-L3 6-

Ät the end of this 1:"'erioc1, ana-1-ysis by gas chi:omatograph¡r

i-nclica.teci thcl al¡sence of the s'b.arting amine. The reaction

mi>t'trr.re r,1;¿g r¡6¡l.,ec-l-u-,o i-ir the standard manner and afier

clistillation gave o-f i,.,- (3-butenyl) -l.i-qethylamt:-no ]iocto-
lænzqnq as a coJ-ourless: liquÍd (4.05g , 72ii), 1:.p, II3o/2.5rnm,

(Fou.nds C, .a5.7 i i-I, 5.0. CtlHl¿IN requires Cr 46"Oi

i{, 4.9:r3) , ì max 3OBO a.ircl 3Ol-O (cnr=cu) , 23OO 1lt-cn. ) , 1645

(olefinic C=C) r 1370 (c-l'l), 980 cr-t'ìcl 91O (cnr=g¡1) and 755cm-l

(aroinatic 1r2-<iì-suirstÍtu.'L.ion) r afr., - 6.6 (m, 4ï1, aromatlc

H), 6.2 5,5 (in, 1IT, CF.i=CiJr) r 5.2 - 4.8 (m, 2Tt, CII=ajH2) r

3,2 2,8 (m, 2'H, N-CI-I2), 2,-tO (s, 3il, iv-cI{3) and 2"5 2.O

(m, 2II, at1ylÍc Cr12), m/e 287, c,C.ÏrO" one peak,

1 -I¡ o:r:myl -4 -m.et.hvl - :1. 
" 
2, 3 n4 -te t -r ahr/dr ocu :L n o -1 

j- ne

The method described by Yudin et.al.BB for the conversion

of 2-me't1rylquiiroJ--ì-ne to L-formyl-Z-methyl-l r2 r3, 4-tetrahydro-
quinoline, r.¿as used unmoclj-fied to Þrepare from 4.-methyl-

quinoline the requ ired l--:íorrnyl--4-ürethyl-1, 2, 3, 4--tetrah',¡dro-

qui-noline as a colourless li quicì (7oìi) ¡ b. p. 1680 /I2mm,

(Founcl: Cr 75,2", H, 7,5g ld,

C, 75.4-t ÏÌ,7,5i t'i, B,Orrá)rl

( aroma.tic J-, 2-disubs{: it.u't-i- on ),

7 o9 o CltHl:NO requj-res

- --- 1.655 (C=o) ancJ 75Ocm-1
mal<

d 8.55 (s, LH, O=C-H) r 7.5

6.8 (rnn 4rl, aromatic H), 4.O 3,4 (¡n, 2H, lI-CFi2), 3.2

2,5 (rn, 1Il, ìrenzylic CH)r 2,4 I,4 (m, 211, CH2) and 1.30

(d, 2È1, J==6 -riz, CiI3) r m/e I75,
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J-. 4-I-limethv-l--I,2, 3, 4-tet::ahvclroquinoline ( 93d )

A solution of J--formyl-4-methyl-t 12 r314-tet'-rahydro-

q.ui.noline (10,309, O,O61mo1e) in dry ether (180rn1) v¡as

added dropwise to a stirred suspension of lithiu.rn alumÍnj-urn

hyd::ide (3"809) Ín dry ether (360m1) uncì'er an atmospleere of

pure nitrogen. I;.Ihen thê addition v¡as complete, the stirred

reaction mi;<ture was boiled under reflux for Ì5 hr' The

reaction mixture r,¡as then cooled to Oo and, with stirring,

r.¡ater (4m1) rvas adcled droprvise follov¡ed bv i-S.,i" aqueous

sodium hydro:<icìe (4-¡nl) then water (12m1). The resultÍng

mixture rvas stirred at. Oo for 30 m5-n., then fÍlterecl. The

f lltrate v¡as dríed (llarson), collcentrated and the crude

product chromatographed on silica gel vrith 1i9ht petrol-

ether mi>c'Lr-rres as the eluan'ts. The eluate was concentrated

and distilled under reducecl pressLlre t.o give 1r4-dimethyl-

7-r213r4-tetrahydroquinolj.ne (B.359 t ABl1)¡ b.p. I22o/i-2ñn

(lit .L29 bop. r45o/25nv.) , \) 2tsIo (N-cH3), 1325 (c-i'i)
max

and 740cnr-I (arom.atic 1r2-dj-subst,ituti.on) r J t.t - 6.3

(m, 4LI, aromatic H), 3"3 2,9 (m, 2tr, i{-CH2)r 2.EO (s,

3Il, I'T-CFI3) ' 2.7 I"4 (m, 3Fi, CII-CI{2) and I.25 (d, 3H, J=

7 rIz, c-CH3) r c"c.froo ott" peal<.

Ilomod ihvdr oea rbo sti¿r -i I

The method descr-lbecl br¿ Coir]eyl3o r-or the tseci<¡nann

rearrangeinent of L-t-.etralone v¡iLh socìiurLr azide in poly-

phosphoric acid v¡as used to prepare Ìro¡noclihycìrocarbostyril
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as a colourless crystalline solÍd¡ lÏlrp¡ I4I-L42O ( 1j-'r..
_r,30

rrìcpr L4L-L42o) "

2,3 ,4 5-Tetrahr¡d:co--1-- irenzaze}line

The rnethod for the redu.ction of a sol'id secondary amide

described by r,lilson and steinl':ergl-31 'ou= 
adapted:-

tiomodj-hvcirocarÌoostlz::i1 (2O,1'2o', O 'I2l:rnote ) was pi-aced

Ín a lSo:Crletrr extractor fitt.ed r.'¡ith a.n ether condenser

carry5-ng a dr¡¡ing tube. LÍthium aluminÍr-rm hyd::icie (8.00ç¡t

o.-l-73mo1e) in dry ether (aoomt) vzas st.irreil in a 2litre rouncl

bottorn flasl{ r.¡hiCh v¡as attached to the e>'.tractor by neans

of a grou.nd gl-ass join'b,. The contents of the fla-s}< were

heated uncler reflux iyith stirring for 5 h1. .¡ then the

.res¡l-ting reac'b.ion mixture left at, roorn temperature over-

nÍght. The residual starting ainicie (2.00g) was removed

froirr the extracbor, an<l tlre stirred reactiou mixture was

treaLed clro¡rr,.rise at Oo consecuti-veJ-y r+ith rva-ier (Bm1) r I5r'í'

aqueous soiìíurn hycìroxicìe (Bml) and v¡ater (24-n1). i\ft'er

stirring at Oo for a fu.rther 30 min., the reaction m1xt¡re

rvas filterecl. The e'tfiereal solu-tlot: iìri-ecl (t:tarSAn) r

concent.rat,ecl, anc'l the crude procluct rvas chromatographed on

sj-lica Eel using tigh't petrol-ether mi><tures as the eluants.

Tlre eluate r,vas coneentrated to give 21314r5-tetrahydro-l-

ber:zazepi-ne as a vel]-ov¡ish liqui.d (l-6.569, quairt. ) ivhicTr

solicif iecl on stancling¡ rÍìrp. 32o (lit' ,I32 iììopr z2o),
l:ra

G. C . jlZClo oto 1-rea.Ì< '
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L-tte I-2.3.4.5-tetr a-?rvdro-l- -benzazepine ( e4d)

A stirred mix'ture of 2 13 14, 5-tetrahy<iro-I-benzazepj-ne

(7.3g) and methyl iodicle (9.5g) and sodium carbonate (3.-1-Sg)

in 4.:1 ethanol-wa'cer mixture (4.Oml) was boíled under reflux

overnight. The reaction mixture Ìvas þ/orlced-up j-n the

standard manner and distilted under reduced pressure to give

l-methyl -2 r314rS-tetrahydro-}-benzazepine as a colourless

tiquid (5.609 , 75';L)¡ b'p' tI4o/tzmm (lit.r33 b.p. r¡ 6-;'¡17o/

lSrnm), ) *,r- 2BlO 1n-cgr), 13]O (C-rv), and 74Ocm-1 (aromat'ic

1r2-disubst.itution), t ,., 6.5 (ir,, 4H, aromatÍc lí), 3'o

2.6 (m, 711, N-CH2, N-C}I3 and benzylic eH) and 2'O L'2

(m, 4T-1, cri.-crt2) ' c.e.fooo orr" peal<.

Vinvlo><vrnetlrr¡lenebenzãne ( 95 )

The method descrÍþed Ìry Burgstahler et.41.90 r+as used

to prepare viiryloxym.ethylenebenzene as a, colourless liquidt

b,p" B5-a7o/zrn',i(t (lit.90 b.p. B5-B7o/zLm¡n) , V *u.* 3f 30

(cri.-CU-o), 3OgO (CI-i.=Cn), -1640 (olefinic C=C) I l-200 (C-o),-¿-¿
-1990 ancl 905 (citr=gH¡, 735 and 695cm * (aromat'ic mono-

sul¡s'Litut.ion) , C) 7.5 7,I (m, s'lir aromatic H), 6'50 (dd,

lFI, J=14.0 and 7.O l1z' O-"g=3 L, C}I2-O) , 4'2O

(cld, Llir J=14.0 and 2,O il'2, .00 (dd' lHt J=
o- -H li/

7,o and 2,o Ê.2, )c=c( ), G. K.
LT. E

o-Iodobenzyl bromide

The procedure described by Bacon ancì Lincisay134 was used
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to prepare o-iodobenzyl bromide as e colorrrless cr¡¿stal1ine

sol j-cl ¡ rrro pr 550 ( Iit,. 134 Írr po 55 . 5o) .

o-Todobenzyl acetate

o-ïodobenzyr bromide was sorvolísedI34 in a solutÍon

of sodiu¡n acetat.e in glaci.al acetic acj-d to give, af ter

distillat,ion un<ler reduced pressurer Q-iodobenzyl acetate

as a colour-]-ess liquici (ggi/")¡ bop. g}-LOOo/O"Srnm (lit.I34

b.p" g2o/o.rlm¡n) r l ,nrr. 1735 (ester c=o) , L24o (ester c-o)

-r (--
and 755cm-'' (arorna.t,ic 1r 2-disubstitution) , O 7 ,9 6. B

(m, 4T1., aromatic H), 5'LO (s, 2T1., o-C¡I2) ancl 2"10 (s, 3H,

O=C-CII3 ) .

o-IodobenzyJ. alcohol

The allcaline hydroly=i"l34 of o-iodobenzyl acetate

gaver oD recrystallísatj-on from hexaner !-iocìobenzyl alcoirol

as a colourLess crystalline solid (S8r¿) ¡ Irrpr 9Oo (tit.134

rno-Þr 9to).

o-Vj-nylo><ymethylene iocl obenzene ( 90 )

The method for the prepa::ation of vinylo:;r4nethylene-
_90benzene"" r¿as slight,ly modified in the folloiving way:-

l4ercuric acetate (O.2rl) lzas added to a solution of 9-

iodol:enzy-1- alcohol (4.6eg) in ethyl viny-1- ether (20m1)

ancl the ¡nÍxb,u-.re v¡as heated under reflux for l-1 hr. A

furthe:c porii-on of nercuric acetate (O.2g) was then adcled

and heaLing under reflux was continued for a further J-0 hr.

The reaetlon ¡ni:-:ture r¡as then cool-ecl to room t,emperature,
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e:{tracLed rvith 10)3 aqueou.s potassium carbonate solu'1.Íon

(2 x 20rn1), dr-iecl (t<rCoa) and conceirtrated ¡1¡c-ler reduced

pressure . The res-tdue r,¡¿rs d:llu.tecl r,¡Íth 1:entaue (25m1) and

'clre solicl o--ioclobenzvl- ai-cohoI (0. tlOg) r,ühich precil>itated,

rùas removed bi¡ :--i1trat,ion. -lhe filtrate v¡as concen'trated

under redr-rced prerisure aird the residr-r.e v,¡as chroinatogray:hed

on basic alunina v¡ith pentane as the e1u.anL o The elu¿rt.e

r'/as coircentratecl and distÍ1led under reduced pressju,re to
give o-vÍnylo>¡zne'thylenej-odol¡enzene as a colourless liquici
(3.359" 73'ß), b.F. g2-E3o/o,}tm, (Found: C, 4L.5", H, 3"4,i

I, 48.4 " C9H9ïo reguires c, 4I.6", T!¡ 3.5 i T, Ag.Bi() ,

\) 3120 (c:i.,=3;r-o¡ , 3O7o (ctr-=g¡1¡ n 1640 (olef ini c c=c) ,vlita)<¿--¿

12OO (C-o¡, 990 ancl B9O (ci-tr-ctt) ancl 74.5cm-l (arorna-E.ie )-r2-

disu.bstitu'cion) , { , ., 6. G (m, 4)J., aromat ic H) , 6.55 (dd,

l-ii, J=L4..0 and 7,O l1z, O-CIJ=:TI}) t 4"!-O (s, 2H, CH2-O), 4,3O
o_- ,.H(<id, lÌi, J=14..o ar:d 2.O Hz, --C=Ci* ) and 4,10 (clcl, lH, J=

7.o a-nd 2"o r-rz, -l)"="1.-, , Ii. 25o,tË,".12so or. pear<.
11' g

o-Acet-Y-'ì- -l¡e ¡z o j- c ac j- cl

The roe'thod descr-i,1:ecl J:./ yrl*135 was ursec] to prepare

o-acety.ll:enzoíc acj-d as a coLourless crystalline sol-i-ci¡ riìrpr

t14-1i.5o (rj-L. 135 ïî. p. l-r-4-115o) ,

oC -i.le'tily-]- -o-><y1ene glycol

o-,1"cel:y1l:enzo-í-c acici r¿.rs :ceclucecl r¿ith li-th-i-u,in aLuinini-um

hydride u.sing a, modification of the procecr.ures of pernot and

l'¡Íll.ernar'¡:91' :îor the reclu.ction of o-L.enzor,rIj;enzoic acicl to
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o(-pher:y1-o-:<yler:e glycol cLslcl of Reiche ancl Scl:u1tz92 fo::

the reiluc''cion of 3-tne'L.liy1ph'chalide to the {:itIe compouncr': -

o-Àcetlzlbenzoj-c acio' (16,¿.q) r¿as ¡:laceil in a rrso:{rlot¡l

e><tractor fittecì l¿Íth an ether condenser caruying a cìrying

t,u.be. Lithiun ah'minium hvclricle (6.659) Ín dry ether (31.0

rnl) \^¡as stÍrred in a 500m1 rottnd bottom flasl< v¡hich r,¡as

attached to the e>itractor by means of a grouncl glass joint"

The flasli l.¡as ¡.,'arned g'ently until the l:oiling ether had

begun to percolcrt.e throuçrh 'tÏ-re contents of the e.:xtractort

then the soul:ce of heat \rcì.s rêlTroved since the hea.t g'enererted

by Lhe rea-ction rvas s;ufficient to irra¡-ntain the contents of

the flaslc at .reflu:<. !'vhen the reacti-on had subsidecl the

flasl< rrrã.s rriê-rrr.Ìed for l- hr" in orcler to r.¡ash out Lire las'L

traces of t-he acid from the e>rtract.oro The rea-ction mÍ;li:u-re

v¡as then stirred a't roon tenlrerature overnigiht. The

stirred rea-ct.ion mi>e'l-ure was then cobl-e.ì to Oo and treatecl

dropr.iise aL Oo r,ríth rvater (7mI), 15:,í aqueous soc.lium hydroxide

solution (7¡n-l-) anci \.rctter (21-rnl.). The reactj-on mÍ>ctu.re

!,ras sti.rrec-i ai: Oo for 30 nin" n tl:en filtered. 'Ihe fílter

cake was r.rashecl r,¡ith severa,l- s¡ral.] portions of ether. The

cornbined e'che:: layers r.íere clried (ifa2so4) and concentratec'l

t,o give o(-n.ethv1-q-x1zl enE-- glycol as a colour-less crr¡stalline

solicl (L?.,).7g, go;) ¡ rRrp. 65-660 (lj-t" 92 ,n.p. 66-67o) .

l.-i,lethr¡-i-ol-rtl-ralan ( 96 )

c(-Ì.let-hr.z_]_-o-:.ry]_r.:ne gtycoi r.ras; clzcl-odeÌ-rycìra_tecì in t-he m¿lnner

descrll:eii þr¡ .ìeicire ancl Schul.tz92 anc'j after tr,¡o cjj-E;tj-1.1-ationr,
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under reduce(i pressure J.-nrethy-lphthalan r'ras ob'tafned as a

colourless liqr-rid, b"p. g+o/tSrwa. (1it.92 bop. g2-83.5o,/13rnm) ,

I ----- 745crn-1 (arorna'Lic 1r 2-disui:slitution) r { Z ,4 - 7 ,o- rnax

(rn, 4H, arome"tic H), 5.5 4,9 (rn, 3ÉI, Ci-t2-o-cii) and I.45

( d, 3ïf , J=6. 0 Hz, c-ciÍ3 ) r G. c . 1Oo" ooe pêâ}(r

Tsochrom.--n (e7 )

The method clescribed by ttaittel36 ,n'*= used to prepare

isochroman as a colourless 1-Í-quicl (g2,!,) b.po g5-gOo,/l-3'n'n

(Iit.137 b.p. goo/tznm), t ,n** 1110 (c-o) and 74ocm'-Ì
(-

(aromat,Íc lr 2-c1ísubstÍtution) r d 7 .2 6.-l (m, 4H, aromatic

FI), 4.65 (s, Ztr, benzylÍc CII2-O), 3.85 (t, 2H, J=5.5 rrz,

o-cï.2) and 2,'75 (t, 2H, J=5.5 F.z, benzylic cT12), G.c.Troo

one peal<.

AI Iv-l- o:crãne thvle nebe n z e ne

The rnethod of tsauser and Kani:org3 vüa,g ilì.odified by

adding soilir¡n allyloxide to benzyl bromide, rather than the

other rvay arou.nd as the authors suggest. The reactiorr

rnixture v¡as løorlced-up as descrit¡ed93, gÍving aft.er

dis'billation under reduced pressure allyloxlanethylenebenzene

as a colourless liquÍcl (81-iL), b.p. B7-9Oo/LZmn (lÍt,93

b,p. 87-goo/I2inrn), ì 
^** 

3OBO and 3o4O (cnr=cH), 1650

(olefÍni.c c=C), 1090 (c-o) , 985 ancl 92L(ctlr=c-ri) 730 and

695cm-1 (aroma-tic monosu-bstitution), d 7,4- 6.g (m,

5H, aromatic H), 6,2 5.5 (r,r, LH, CÈi=Cri2)t 5,a. - 4.9 (m,

2Ít, cH=cE2), 4.45 (s, zrf , Ïjenzylic c:12-o) and 4.O 3.7

(m, 2H, al1y1i-c Ctl2-O), f-ì,C.fOOo or,. pea!<o

( eB)
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o-u\11y1o>qrmethyleneiodobenzene ( 91 )

This preparation u¡as carried out by the treatmr:nt of
o-Íodobenzy'L lcromide rvit,h sod-i-um allyloxide Íir Lhe same

manner as described above for compound (98). Distj-llation
of the crude product under rerjuceci pressure gave o-arlylo)q¡-
methvleneiodobe-¡zene as a colourless IÍquid (7r?/") b.p" 116-

ILBO/3,6rffn, (l.-ounil¡ C, 43,9i Il, 4.2, I, 46.5. cl'Hl'fo
requì-res c, 43.8 i T:-, 4.Ii 1, 46,3j1), t *u*3070 and 3o2c;

(cur=cu), 1oB5 (c-o¡, 985 and g2o (cHr=sp1¡ and 745cm-1

(aroma.tie 1r 2-disubstitution) r { 'r. B - 6,7 (m, 4H, aromat-1c

H), 6.3 5.6 (m, 1Il, cn=cllr) r 5.5 5.0 (m, 2H, CH=C!!2) r

4.4O (s, 2H, benzylic CH2-o) and 4.2 3.9 (m, 2H, ally-lic
CH2-o) , m/e 274, G.C.lr'" one peak.

2-Phenyl-1-s:r o1

Hydroboration-oxidation of oC -mothytstyrene as

described by Brown and zweifell38 gave 2-phenyl-r-propanol
as a colourless liquid¡ b.p. 1o7-lo9o fi-2nm (lit,.138 bop. J-r|o/
14nm) .

4-I"iethf¡I i s oehroman (ee)

chloromethylation-cyclodehyilrohalogenat ion of 2-phenyl-
l-propanol as described by Maittel39 was used to prepare 4-
meÈhylisoehroman which, after two distil]-ations under reducecj

pressure' was obtafned as a colourless J.Íquicl (857j)1 b.p. ]ooo/
fS¡om (lit.139 b.p. lo1o,/14-mm), ) *u.* IIOO (c-o) and 74ocm-l
(aromatic J- r 2-clisubsti-t.ution ) r I 1 ., 6, 6 (m, 4H, aromatic
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H) , ¿..65 (s, 2H, benzylic cIJ2-o) '
o), 3.1 2,4 (m, IH, benzYlic CH)

H.z, cH3), ,c.c.Ïro" one pea)<.

3 -Phenvl - I -pr o'pa.noI

Cinnamalclehycle was reduced with lithlum .rluminium

hydride aceording to the directions of ldystrorn and Bto'nrt14o

to give 3-phenyl-1-propanol as a colourless liqu.id b.p.

r24-L2so /t4mm (]it,r4r b"p. r2r-r22o/L4nir) .

Chlorornel:hv1 ( 3-phenylpro,oyl ) ether

3-Phenyl-1-propanol v¡as chloromethylateclr âs describe<l

by Reiche and Grouu94, to give chloromethyl (3-phenylpropyl)

ether as a colourless lj-qu'id, b.P. I3O-1320/Isnm (Iít.94

b.p. r22,5-L23.5o,/9mm), d 7.3 6.g (m, 5H, aromatic tI)'

5.40 (s, 2tr, CI-CFI2-O), 3.60 (t, 2tl, J=6.O Hz, O-Cr12)t

2,g 2.5 (m, 2H, benzylic c1t2) and 2.2 !.6 (m, 2H, clt2).

Flomoisochrornan ( l-0O )

cÌ-r_loromethyl (3-phenylpropyl) ether was cyclodehydro-

halogenated w-ith an?rydrous aluminium chloride using t'he

meth<¡cl descr-ì-becl by Reiche and Gro=s94 with the slight'

modification rrethylene chloride instead of carbon disuiphide

was used as solvent. Distillation of the crude prodr"rct

under reduced Þressure gave homoisoChroman as a cOloLlrIeSS

1Íquid (72:'L) ¡ b.p. 110-1120 /Lzmm (1ito94 onp. 103"5-104.50/

B,5mm),) max Lo8s (c-o) and 75Ocm-1 (aromatic 1r2-disub-

stitution), CI -/.2 6.8 (m, 4H, ar:omatic I-I), 4.50 (s, 2TI'

4.0 3.3

and I.25

( rn,

(cl,

2Ht

3Ft,

ctr2-

J=7
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benzylic cH2-o) , 4,O 3.8 (m,

271., benzylic CH2l and 2.O 1.5

peak.

( 3-eutenvl ) benzene çoze)

The method desctibed by Hurd ancl go]lmanIo'2 *u= used

to prepare (3-buÈenyl)benzene as a colourless liquid¡ b.p.

r75-l78o (rit.r42 r75-178o), û t ,4 - 6.9 (m, 5H, arornatic

H), 6.1 - 5.5 (m, lFI, CH=CI{2), 5,2 - 4.7 (m, 2r-r, CH=CI-I^)

and 2.g 2.o (m, 4H, clr2-c12), G.C.fro" one peak.

g- ( 3 -nutenyl ) chlorobenzene

A method similar to the one describe<l by Bott 
"t-.a1r143

was used:-

o-Chlorobenzyl bromíde (25.75g) in dry ether (IOOml)

v/as added dropwise during Ll-hr. to a stirred suspension of

magnesium turnÍngs (3,04g) in dry ether (10¡n1) u.nder an

atmosphere of pure nitrogen. T¡lhen Lhe addition v¡as complete

the reaction mixture r,¡as stirred at room temperature for

J. hr., then allyI bromide (15.139) in dry ether (5Om1) was

added dropwi-se and the resultinç1 mixture stirred f or 2 }:,r,

The contents of the flask were then poured into dilute

sulphuric a.cidr the ether layer separated, and the aqueous

J-ayer extracted rvith ether o The combined ether layers were

rvashed r+ith water, saturated c1c{uêous sodium bicarbonate

solution ancì sa.gurated brj-ne, dried (t'lgSon) and concen'trated.
.fhe residue r,¡as distj.Iled uncìer reduced pressure to give

2H, O-CH2

(m, 2IJ,

) , 3.1 2,8 (m,

cH2 ) r c. c. f too o.r"
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o-(3-butenyl)chlorobenzene as a colourress liquid (r6,05g,
77'/,), b.p, loo-ro2o/22nva (1i{: ,r43 b.p. F,6-B8)/rOm*), Ð ma_x

3090 and 3020 (cltr=g¡11 , r64s (otef inic c=c), 99o and 9lo (ct-lr=

CFI) and 745cm--l (arorna-.t.ic 1, 2-clÍsubstitution) r .J" ,. n 6,g
(m, 4H, aromatj.c FI), 6,2 5"4 (m, lH, CËI=CH2), 5.2 _ 4.7 (m,

2H, CFI=C[2)r 3.O 2,6 (m, 2H, benzylic cli-) an<j 2.6 2,I
(m, 2H, alJ-ylic C:EI), c.C,frOo o.,. peak,

DiiorJoacetylene

The method of ¡ehnl44 v¡as used to prepa-i:e diiodoacetylene
as a yellowish cryst.rlline solici rTr,p. Blo (l-tt .144 fir.e po Bfo).
g- ( 3-nutenyl ) ioctobenzene ( BBc )

The methocl of convertlng aryr chlorides or broroides to
aryl iodicies as clescri-becì by F::anzun95 ra= acìapted:-

A stirred mixtr_rre of o- ( 3_but.enyf ) chlorobenzene (4,IBr1 ,
0.025more) and magnesium turnings (o.659, o.025more) in
dry tetrahydrofuran (lOmI) r^ras boiled under reflux under an

atmosphere of pure nitrogen until arr the magnesium had

.reacted. The rea-ction mi->-.tu-re was cooLed to oo a4d a

sorution oL' diiodoacetylene (3 ,47 59 , o , 0J.25mo1e ) in dry ether
lvas acided rvith stirri-ng .rnd the resulting mÍxture was stirred
at 0o for 15 mÍn. The contents of the flasr< were ther¡
poured i-nLo ci-il-ute sr:.lphu.ric acid and eLher (50m1) rvas a<lded.

The ether layer was separated, and the aqu.eoLls layer
extracted with ether (Z x 5Om1) " The combined ether layers
f,\7ere wa-shed r'¡iih r..¡ater, sa-Lurated aqueous socjium bicarbonate
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solution .rnd saturated brine, <irj-ed (i'tgSO*) and concentrated'

The residue was dlsti-l-led under .reducecl pressure to give

q-(3-butenyl)iodobenzene as a colourless liquid (4."Ogg t 63')L),

b,p. 130-l-32o /l-gnm, (Founcl 2 c,

requires C, 46.5; Fl, 4.3:2"), \)
1645 (olefinic c=C), 99O and 9LO

*r, 3080 and 3O2O (cltr=cu),

(aroma-tic 1, 2-disubstiturtion) r J- (m, 4-I'7, aromatic

2'Å, CH=CH- ) ,'-¿

46,5¡ H, 4.3. C H I
10 l-1

H), 6,2 5,5 (m, 1Il, CH=CH2) r 5

2.9 2.6 (m, 2H, benzylic CH2)

7.9 6.6

- 4,7 (m'

crrz), m/e 258' c.c.Tao" orre pea]<.

1-tileth¡¡linda.n ( 93e )

The reaction sequence of Schaap and Pine=145 "r-u 
usecl

to prepare Ì-methylindan as a colourless liquid, b.P. Ig2o

(lít .J-45 b.p. rgoo/74}nrin), d 7.4 6,8 (m, 4H, aromatic

Fi), 3.5 3,2 (mr lII, benzvlÍc cH), 3.J- J-,7 (m, 4H,

CI-I2-CÍIZ) an.J I . 30 ( d, 3I{, J=6 Hz, Cl-I3 ) r G. C. }r.o o.t* Þeal< "

Vinylox.vbonzene (92'î. )

2-Phenoxyeth¿rno1-p-toluene surlphonate (3.7 6g, 0 . 03Omo1e )

\^ras added portionr¿ise v,'ith sti-r.ring to a solution of

potassium t-butoxide (3 "7og, 0.033rnoIe) i¡ dry di.methyl

fornamicle (50m1) Xept at Oo uncier an at¡nosphere of pure

nitrogeno The mixtu.re v¡as stirrecl at Oo for 2. ht., then

at rooi'n ternperature for B hr. The rea-ction mi:<ture was

then filtered, ciituted wÍth r'¡ater (2O0ml) and extracted

vzith penta-ne (3 x J-00nI). Í'he eombined pentane extraets

(eur=gg) and 745cm-1

o2

ancl 2.6 2,I (m, 2H, al1Ylic
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v,'ere \^/ashecl tvith 10î6 aqueous socliu.m hydroxicle solution

(2 x lOOmI) an,J rvater (2 x lOOrnJ.), clried (I\Ta2So4) and

concentrat.ecl, The residue r,¡as dist,illecl under reduced

pressure t.o give vinyJ.oxybenzene a.S a cofour]-ess liqu.id

(I.3.3g, 3B:i), b.p. Boo,/6omm (1j-t ,)-46 b.p. 76.5'77.5o,/5omm),

t ,n.* 31oo ¡o-cll=c;:, ) , 3o7o (ci-i=cli2) r l-645 ('zinylic c=c) ,
_l

L23O (c-o), 955 and e45 (ctl=cnr), 750 a-nd 685cm * (aromatic

monosu.bstituti-on), I ',,0 6,7 (m, 511-, a-romatic H), 6.55

(dd, lti, J=l3,5 a-nd 6,O Hz¡ o-CiI=C171)r 4,60 (dd' 1I{r J=L3.5
Z

30 (dcl, Iil, J=6.0 and I.5 Ëiz'

peal< (99')'") and one srnall

peak ( -l,t'¿) "
I2 -Bromoe-thy1 o-iod,:phenyl ether

¿\ m-ixture of o-iodophenol (4.409, O.O2mole) and I12-

clibroinoethaire (2O ,Og, O . J-rnole ) in wat.er ( 5Oml) rvas boil-eci

uncler ref-lu>.: rvj-th stirring, and a soluLion of socii-um

hy,Cro:d-de (O 
" 
g0g, O. O2mo1e ) ín r'.¡ater (15rn1) rvas acldecl

dropivise during 50 rnj-n, The rnj-:cLure war+ boiled una-er reflux

overtright, 'bhen coolerj ancl e:<tractecl rvith ether (3 x 50m1) 
"

T1-re coml:ineci e-uher layers \,'/ere v¡ashed v"=itle 10iá aqueous

soclir.un trydro-;<ide solu.tj-on (3 x -lO0m1) ancl saturated brinet

drieci (t,tgSOo) and concentratea'. The residu.e v¡as <listill.ecl

u.ncler reiìucecl pressure to give 2t-brotnoethyl o-lodophenyl

ether as a colourless liqu.id rvhj-ch solidÍfieci on standing

(3.319, 5L';'") ¡ b,p. L72-L74o/r3rrm, ûr.pr 43-4go (Iit "L47 b.p.



48-49

-150-

o
a)125-I3oo /I-2nm, rn¡ ,Do

o-Vinylo>12Í ocì obenze ne (BBd)

The methocl of dehycirohalogenation using ethvldicyclo-

he><y1ami-ne as base accorclÍng to Hunig and Kies="196 ta*

adapted for this preparation:-

A ¡nixture of 2t-bromoethyl c-iodophenyl ether (2.69o,1

and ethyldicyclohe>ryIamine (2,55g) rvas heated at 170-lBOo

for 5 hr., then cooled to room ternperature and diluted with

dry acet.orle r The preci-pi-tatecì amine hydrobromide v¡as

filtered off and the fi.ltrate was diluted r¡rith saturated

brine and extracted with ether (3 x 50m1). The cornbined

ether layers $/ere r,¡ashed with 2Ll hydrochloric acid (2 x

100m1), water (100m1), 10?á aqueous sodium hydroxide sr:lutj-on

(2 x 100mI) and saturated br-ine, dried (ttgson) and

concentrat.ed to give a liquid (1.039). The crude pro<luct :

\^¡as chromatographecì on basic alu.mina with hexane-ether

mixtures as the eluant.s, Concentration of the eluate gave

a liquid (O.S7g), c.c,Ïrro trvo pea!<s, of r,r,hj-cÌr one \^ras

ídentifj-ed as et,hyldicyclohexylamine by spiking. The crude

mixture v¡as separated by preparative gas chromatography

using a 5ft, " $-t", column of 3O?/" S.E.3O on chromosorÏ: W

support at i.,2}o with 150m1/min. flowrate, giving aft.er short

path dÍstillation o-vinylo>ryiodolrenzene as a colourless

liquid (0.065g) , ,f 7 .B - 6.6 (m, 4H, aromatic I'I), 6.45

(dd, 1I{, J=l3.5 and 6.O Erz, O-Cit-CIl.), 4.65 (dd, fH, J=L3,5
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(dd, IH, J=6,O and I.5 Hz,

e peal<.

2, 3 -Dj.h;drobenz ofuran (eLr.)

and I

.t:t

Benzofu-ran was reCuced wlth socìíum in ethanolr using

the same Þrocedure as described for 3-methylbenzofuran,

to gi1¡s aft.er clistill¿rti-on under reduced pressure 2r3-

ciilr,vdrobenzofuran as a colou.rless liquici (Bg',(), b.p. 7Bo/

12mm (tit. Ll-6 bop. í32-g3o/t srnrn), \) *o- 1230 (c-o) and

745cn-l- (arornatic Lr2-disubstitut.ion)r { 1,, 6,4 (m,

4Lr, aromatic II), 4.35 (t, 2H, J=8.5 i-12, o-c:H2) and 3.00 (t,

2H, J=8.5 flz, Ï:enzylic cH), G.C.!rOo on. peak.
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6o3. SYl{lllrlllS;lS O!¡ r\1*'1Ïi'lrlS l\i:rl) OF '.f1-; ':ìÏiL P.ISP-'lC'I \ /.1

DIA:Ì rliji.Iil.i Ir ;!R,\i\i.\rjiiì jl T 1' c,S]\LTS :'OR. :I
-r--ìr( 

^r.-¡.a 
1r/rir

I( Ll ::¡ Lrj:i.: !ì..i -..'r 5',IuDIll5

o-41 lyI oxyð.cetan i 1 i de

The allcylation of o-ace't-arn-idophen I with allyl bromicle

as ciescribed by riffany9T giave o-allyloxyacetanilir;e as

colourless pl¿Ites

o-i\1Iylo>ryan j-1ine

o ( 1j-{:. 97 *, p. 5O-51o) .

Hydroly=iu97 of the above acetanilide gave o-a11yloxy-

aniline, af'Ler cij-s'billation under lîeducecl pressurer âs a

colourless Iic¿uid (78i1), b.p, 75o/O.5¡n¡n (lit.97 bop. 84-A5o/

O.6rnm), ! n,u.* 347c, 3375 and 32Oo ¡i'rur) ' 3065 ancl 3035

(86%) ¡ ITro Pr 50-52

(83c])

(ci-i+cHr) r )-640 (olefinÌrc c=c), 1-225 (c-o) ' 995

CTI?) ancl 746em-L (aroma-tic 1.r2-clisubs-uitution) r

and 926 (CU=

6,7 6 ,4.r
(m, 4Í1, arornaLic Il), 6.3 5.7 (m, lH, Cl'l=CI-I2) r 5' 6 5'1

(m, ztl,t Ci{=cE2) r 4.6 - 4,4 (m, 2H, O-CIT2) a-nd 3'57 (s, 2Y"'

NH2) ' G.c.lroo ot* PeaJ<.

o-¡1 lr¿1 o>q¡n i- t r o1:e nze ne

AJ-lyl bromicle (1OOg, O.g2mole) was aclcied clropr';i se to a-

stirred rûixture of ?-nitrophenol (105g, O.75mole) and anhyc-ìrous

poterssiunt carbonate (11-f>g, o.B4-mole) in aceLoue (200m1).

The reac'tion mi><ture v¡as then boileci uncler reflux with

stirring untj.I the recl colour of the o-nitropl:enolate anion

hail clisappeared (20 hr,). The reaction mixture rvas then

cliluted in rv'ater (I t.) ancl e:ct::actecl v;j.th chloroform (3 x
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250rrr1). '-tlhe combinecl chloroform layers ì./ere washecl thoroughly

ivith satura.tecl agueor-rs sodium bicar-Lronate solut-1on ancl water,

dried (t,:gSorr.) ancl concen'tratedo The .resiclue rvas,: ,lis;tillecl

u.nder reduced pressure to qive g-allyloxynitro-1--'enzene as

a. yello'nr Ij-quid ( leSg , g5';',), b. p. 116-1170 /O.7rnm ( Iit. J-48

1>.p. 123-125o/3nrin), \) *r* 3075 anci 3O-t.O lcu=cnr), l650

(olefinic c=c) , r52o and 1335 (l;or) r 9i3o and g2o (cH=cFrr) r

845 (c-ti) and 735cm-l- (aromat j-c 1, 2-clisubst.it,ution) r J- Z. n

6.8 (m, 4H, .lromatic if ) r 6.1 5,7 (m, 1lï, Clî=Ci.-I2) r 5.G -
5.1 (m, 2TI, CIÍ=CH2) anci 4,8 4,5 (m, 2I-1, O-CH2).

o-Allylo:q¿aniline ( B3d )

li'he procedure of }loclgscn and srnith-lOo for tÌre rea'ucLj-on

of aromatíc nitro-compounc_'ls w¿:s ada.ptecì; -
Stannou.s chlorj-rie cìihydrate (13.54.9) in ethanol (20m1)

Ì/as a-dded dropr,zise to a stirred soLution of o-a11y1o>rynitro-

l¡enzene (3"53g) in concentrated hlzdrochlorÍc acid (2orn1)

and ethanol (10m1) lvhrlst lceepir-rg the tempera-ture of the

rea-ction mi.xtu-re belovz 3Oo. The reaction mixtrr,re r+as

stirred at roor¡. teni¡eratu-re for 18 hr., then diluted r,vith

v¡ater (L00ln1) and washed v¡ith small portions of ethe:: until
Lhe ethere¿Ll e><tract r.¡as no longer ye11or+. The aqueous

layer rva.s then macle alkaline (pH I0) by the o'roplvise adcì:l-tion

of 2O;{ aqueous sodiurn hyclrox-icie solution ancl e>ctracted

several ti-¡nes v,'ith chloroform. The cornbined chloroform

layers t,/ere wasl-ted l.¡Í'bh vrater, clriecl (NqSOr) and coneentratecl
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uncier reduced presjsure. Tl'ìe residue v¡as distilled uniler

reduced pressure b,o give o-allylox1ranilino aS a colourless

liquiä (2,27g, B4'tÐ, lf,.p. lLB-l-1 go/o"Bmm (1i'b.97 bop' 84-

85o/o,6i:'rin) , G. e. froo ono peal<. The specL::al characteristj-cs

a.nd the G.C. re'b,ention tirne \^¡ere identical l"¡Íth those of

o-a111zi-o:<yanili-ne obtaj.necl by the procedure desc::-j-bed above.

o- ( 2 -¡'lethl'la l- lyloxy ) nitr obe n zene

Ã. stirred mixture of o-nitrophenol (35g), 2-methylallr¡I

chlorlde (30q) , soclium carbonate (-'t,5.99) and sodÍum bromÍcle

(Sg) in acetone (10OmI) was boiled under reflux for 2 days.

The react,-ion mi:ct.ure wa.s $¡orJ.,ed-up a-s in the case of o-

allyIo:,ç1zniúrol¡enzene. DistÍl-IatÍon under recluced loressure

Çc1vo e-(2-methylall-ylow)n.lt.robenzene as a yellowish liquid
()-6,¿"oE, 34:á) ¡ b"p. ro}o/o"frrun (1j-t .r49 e6-ro7.0/o,lrnm),

(*
cJ 7.9 6"3 (rn, 4Lr, aromat.ic i{), 5,2 - 4,8 (m, 2H, C=C}I2) r

4.5O (r-i, 2H, o-C',72) t ancl 1.83 (s, 3il, CI-I3), m/e 193.

c- ( 2-l'lethyJ-a11121o:q¿) anil-ine ( E3e )

The ::ecìuction of o-(2-ne'thylaltylo>ry)nit.robenzene, in

the saìïe manner as describecl for o-a1l-1t1o>+rnitrobenzene, gave

e- (2-rnethy-ta:.1-1-1z1ox-1¡) anii-j-ne as a colourless liquicl (77'/"),

b,p. 960/I.4nrrn, (!'ou.ncì: C, 73,4g iI, B.1i lii, 8.3. C-l-oËI

reqtr.lres cr 73.6t i{, B.O¡ ÀT, B,6lL), fru., 6.3 (m, 4T1,,

aromati-c LI), 5,4 - 4,9 (rn, 2ti, C=CH2) t 4,33 (s, 2'rI, c-CIl2)

ancl 1.BO (s, 3I1, Cii3), m/e 163, G.C.fr'o or* pealç.

131ío
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c- ( 3 -¡rr.Len'yI o>q¿ ) nitrol¡enzene

¿'\ stÍrrecl ririxture of o-nitrophenoJ- (7g) , 4.-bro¡rro-l-

butene (7 ,4Zq) and socli-gm carlconate (3 ,2g ) in rvater ( 20m1)

\^¡as l¡oileci uucler ref lux f or 2 days. The react.ion mixture

rvas then worke<l-uir as descrilæd previouslv for o-a11y1-

o><yni.trol:enzene, Díst,i1-1-ation of the crude product u.¡rder

reduce<l pressure gave o-(3-bu.tenyloxy)nit.robenzene as a

yeJ-lovrish 1ic¡.uÍd (7.OOg, B-l-tá) ¡ bop" I02o/O"O7mnr, (Founcl:

Cr 62,5 t Hr 5 ' 5; ln ' 7 ,5 o Cl-OIll_1t{o, requi::es C' 62,2i

H, 5,7 i I\Tr7, 3ïL) t aFr.u 6.8 (m, A]lt aromatic H), 6,2

5.6 (rn, IFI, CI-I=CII2), 5,4 ^ 4,9 (m, 2H, CLI=C[2)r A.J-O (t,

zil, J=6.5 i1z, O-C:-i2) and 2,8 2,3 (ln, zIl.t aIlylic C\12) r

m/e 193.

g- ( 3-i:utenylo><y) aniline ( 83f )

The redu.ction of o-(3-ìru.tenylo><y)nítrobenzener âs

desc.ri]:ecl for: q-a1J-y1o:cynitrobenzene, gave a.fter clistillation

under rec'luced pressure ?- (3-butenylox¡¡)a-ni1Í-ne as a. colourrless

Iic1u.i-cì (75,1), b"pu 96-990/ooBritm, (For:nclr C, -/3,39 TI, E.Ot

bÌ, Bo5. C.,-Oll-,.3ilo reci'Llj-res c, 73.6t 
"I¡ 

8"Ol l{, 8.C')L),

f 6.8 - 6.3 (rir, A-iJ, arolnei.t-i-c FI)¡ 6'0 - 5.5 (m, lll' CÏI-

cïJ2), 5,3 4..8 (n, 2ii, cT!=Cîi2)¡ 3.90 (L, 2.t:r¡ J=6.5 rlz, o-ci'I2)r

3.60 (s, 2n, Idi-I2) aucl 2.7 2.L (m, 2i1r.rllylic C-,12), m/e 163,
Ì1

G. C.l"2oo one oealc"

g- ( 3-nut-en','-1. ) benzoic ac.ic'l ( l-07a )

The all<.¡J-a.'tion of toluic acid re¡fe::red to Ín .-t no'te by
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Cr"g.t105 ,,ru" adapL.ecl in the fo-l-l-or'¡ing manner:-

l\ solution of cìry aJ-112I i:ron..i Ce ( 30 . 25 , 0 . 25nioJ-e ) in

dry tetrahr¡d::ofu.ran (25rn1) i^ras thoroughly degassecl on a

vacuurn line a-ncl s;e¿rlecl into an ampoule (fj-tted ¡vj-tlr .r rrbreak-

seal") uncler high vacr-rLlrno A l- L, flasJ< ',.¡as fittecl v,'ith

a thermometer .oocket (sealed j-n'ho the fla-sl<), a grouncl glass

joj-nted necl; cr-hc1 ã. t'uJ-e fit,tecl r¿j-th a grou.nd glass neeclle

valve (the 'rneeclle'r of the valve consistecl of a piecre of

glass t,ulci irqi dra.iyn to a- poir:t at one end rç¿j-th .e pj-ece of

mj-ld steel sealecl Ín'to it). The ampoule of tjre a11121

l:ronride sohr-tion and ern arnpoule of buty-1-l-i'bhium in cyc-lo-

he::ane (L17.2m1, O. J-93nole ) r'¡er-e sealed to the upper

portion of the neec,ìl.e valve r,v-ith their "break-sea-lsrl

nointing ilo.,rnl.¡arc1s. l5¡o smal-] pi.eces of mi-ld steel v¡ere

al-so inclucled in the tul¡e below the |tl¡real<-seolsrr. Li-thiuin

o-'toluat,e (27"269, 0"1-93rno1e) and a ma.cfnetíc stirrer l¡.rr

lTcre pl-aced in the f lask .;¡hi-ch wa.s atta.ched to a.nd evacuateci

on a h:i-gh vacLr.Llm lÍne. J\ solutj-on of dry cliisopropyl-a_nine

(2i,)r¡.L, 0.2mo1e) in clry tetrahyc'ìrofura-n (2OOinl-) vras

thorouEhl¡z cìegassecì on the va-cu.utn line an<l aistilled into
the react.icn fl-a.slc r^¡hj-ch rvas cool.ed in liqui-d iritrogcn. The

::eact'ion fIa-sl<, rvl-ri1st stil-1 under high va-eLluiÌl, r/a.s sealed,

and irnmorsed -i-n an ice l:ath on a rnagnetic stirrer. The

l:real<-seal of the .rmpoule of lctr.tyllj-tirium v¡a-s then broken.

Tire additi-on oÍ butlr.!-lithiu-m to the stirred react:l-on

mixLure r'¡as regulatecì r¿:'-th tjro needle val-ve, rrrhj-ch was



-157-

acìjusted by means of a povrerfu-I permanent mc-i$rret, Lo lceep

thc reaction temperaeui:e beil'¡een 0 and 5oo The ni:<'Lure

was then Sti-rred a-t Oo for 20 min. Tt¡e 1¡-realc-seal of thê

a1li¡l bromide solution v¡ar¡ then broken and its arddition

\..7ã.s regulated as above rvhilst keeping the sti-rred reactioll

mi;.:ture betv¡een O and Lso. The flaslc rvas then openeiì and

the Solvent removed under redu-ced pressure on a rotary lÎiIm

evaporator. The residue rvas L:reated with v¡a.ter (250m1)

then rvith concentrated hiziìroch-loric acicl so--l-ution (3OmL).

Thís mixture v.¡as extract.ed with ether (3 x 150m1). The

cornbÍned ether layers r'¡ere washed v¡ith saturateci brÍ.ne,

drj.ed (i,løSOn) and concentrated to crive a colourless soli-cl

(33.78g), d (cltctr) l--1"70 (s, l¡I, co?i.r), 8.2 7 "o (m,

ALi, arornatic iJ), 6,2 5,4 (m, o.5il, cH=cH2) r 5.2 4,7 (m,

l-.Oil, cFi=Cilr) r 3,4 2,9 (m, I,Oli, benzylic cE\Z) ¿rnd 2,9

1.9 (m, 3.2H, C'H2 a-nd Cil3). This spectn:m indi ca-tes the

presence of tol-ui-c ac-'r-d in tl:e reo;uirecl o-(3-ioutenyj-)-

l:enzoic acid 
"

llecrystcrll-ization fron ¡:entane did not

separate the tolu:Lc acid fro¡tr ihe mixl-u.reo r-he a]:ove

rni>.lture (apo::oxu l-:1) r^¡as used in the' sul:seqttent siel:,

r.¡i'Ehout purif ica-ti-on.

g- ( 3-::utenlz-1. )}:enzoyl chlorj-de ( 107c )

To o>ralyl chloride (g,2g) ín dry benzene (160mJ-) r.vas

aclcied rvitl-r stir::ing the above nri:<ture of acids (6.0g) and

dry pyrid j-ne ( 3 . 16c¡ ) in fl¡r¿ benzene ( 30mI ) during 30 min '
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The resuJ-ting rnixture v¡as stirred at room temperature f-ot I

hr. ¡ then the pyridinium hycl::ochloride precipj-tate was

removed by 'iÍltrati on. The f iltrate v¡as concentrated rrnder

reduced lrressure to give a viscous liquicì (7,67g) r.rhÍch r.;as

used in the ne.xt. ster: wj-thout purification.

e- ( 3-l',u.tenyJ- ) benz.-emide ( 107d )

The a-bove míxture of acid chloricles (Z.Og¡ was addeci

dro-oviise to eoncen'Erated am¡nonium hydroxide so-lut-i-on (24mI)

with vigorou,s sha-)<ing and coollng in an ice bath. T'he

mi><ture rvas shal<eir at Oo for a fur'cher 15 min. then the

m-i-xttr.re of sol-id ami-des was collected l:y filtration, rvashecj

rv'ith rvater raít d::ied and used in 'the ne><t ste,o v¡-i-thout

pur j.f icaL-ion 
"

g- ( 3-nutenyl ) aniline ( -l-07e )

The above ¡n-i>$ure of amides (4.579) l¿as adcled to a

so-lution of sodi-um hy.oochlori-te (O.O2-5no1e) at 0o. The

resulti ng mi:<tr-rre \..:a.s placed ¡l"n a r.¡ater bath at ::oo¡n

tenr-pera'cu.rê ¡ ltre bath t¡as therr heateci slorvly until the

temperature of the reactj-on mj->iture reached 7Oo. Tl.e mixture

r'/cìs Jcept a-t' 7Oo for J- hr,, then a sol-ution of socl:Lum

hydro;<ide (10g-) in v¡ater (J-0m1) r,r.rs added. The roaction

mi;:ture rvas then v¡armed Lo BOo and lcept at that te.rape::ature

for l. hr" The reaction mi-><ture r^¡"ls then cooled'co Oo and

treatecì irith concent:rated Ïrycirochloric acid untj-l- the

solulLiou '",¡as aciciic (PiJ 2), 'bhen eietra.c.tecl l¡i-th chloroforrn
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several timeso .t-he a-queous -la.ye.r \rlts .rcljusLed to i:l: 10 by

the addition of 10;6 soclj-ulr irydro>ricìe sohltion a.ircl e,'<'Lrac'te,,r'

v¡itir ether. The etirer la-yer r^¡as v¡a-shed r+ith s¿rtu,rat.ed

lrrj,ne, clried (ila2so,-' ) arrcj cor:centratecl to give a da::l< oil
r-(O,22g), d 7"2 6o0 (in, a"tlt aromatic IJ), 6.0 5.4 (m,

o,75lr, cii=cl{?), 5,2 - a,o7 (m, 1.5I{, clf=cHr) r 3,1.O (s, 2Tî,

lrH2), and 2,7 l-,8 (rn, 4-:r:, CiI2-(lFi2 ancl Cil3) o This spectrurn

ind:tcates the Þresence of sonìe of the requ-ì-rocl o-(3-
butenyl)aniline along r'¡ì-th some o-to1uj-dineo The qnantity
of. the recluíreC amine r.¡as insufficient for the proposed

ê . I), f ¡ stuc'ìj-e s; o

g- (4--l:ent.enyl- ) i:cnzoic a.cj-cj ( t07b)

This acicl r"¡as olrtained l:y the al lcylation o'F lithium
to-l-u.ate r'¡ith zl--lorono-J.-l:ubene in a-n identical manner to that
descrÍ?¡ed f or o- ( 3-i:u.tenyj- ) b,enzoic acid. tlnf ortunately the

requi-red acid r.vas contaminated by tol_uic acj.d, r^rhich could

not be separa'L.ed from it i:12 reer\¡sta-llÍsation froin pentane.

The ltrlrr¡ f r spectrurn of the above ¡ni-.<ture (ar-pprox. l-: -1)
t-

shor¡ecl:- ò L2.23 (s, 1:1, Co2iI), 8,2 7.O (m, 4ii., arorratj-c

H), 6"2 - 5,6 (m, O.5TJ, C5=Ciìr)r 5,3 - 4,7 (m, 1IÌ, Cf{.=Ctr2)¡

3.2 2,9 (t, l-li, J=7 I-!.2, T,e:nzyl-i-c CiI2), 2.67 (s, 1.6H, CH3)

ancl 2,4 - I.5 (rn, 2,O:1, Ci:iZ-C!t2).

o-Ai.l1zlo>r¡l:enzenecl-i-azonj-ur,r l:orof 1uoride ( g3a )

Thi s methorJ vras use<l for the preparation of all of the

arenecli-azonituir borof ltr-o::icles : -
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Sodiu¡n nj-t,rite (4.:Sg) in t+ater (9ml) r./as acldecl drop-

r.¡j-se to a stj-rred solution of o-allyIo,xyaniline (9.309) in

2I¡L f:-ucroboric acid (S,l,ml) ivhilst the Lernperatr.rre of the

reaction rni>:ture l,¡as maintainecl at loo. The rea.ction

rni".ture w.ìs then coolecl to -2Oo. The oreei,oitated procìuct

tr{as collected 1:y filtration, r,¡¿¡.shed r,¡ith cold 5?3 fluoroborrì-c

acid (2Om1), air drie,C at, room t.emperature, anci then v¡ashercl

'¡rith et.her until i-t was almost colourless. îhe soli-d r.¡as

then dissolvecl in dry acetone erncl re1:recipitatecl 1:y the

additÍon of dry ethe-r. The 1>recipÍtate r"ras fj-ltered off and

dried uncler Vd.cuumr The requ ired ciia.zoni- borof l-noricle

vzas obtai-ned as a colourless porqcler (I2.7OcS, 76tá), t max
(nujol) n stoo (ci'l=ciJr) r 2275 (N;), 1055 and 1035 (BF;),

9BO and g25 (cH=cnr) a.nd 760cnr-1 (aromatic 1r2-disul:s'Litution).
o- ( 2-i'iethyla-l1.71o*y) benzeneciia-zonium horof luor j-de (B3b)

The requ ired diazonir-rm borofhtoride was ol:tained frorn

o- ( 2-rnethy-1-.rt-1y1o,.,t¿) aniline, by the standarcl procedure

\) max (r:ujol)

975 and 92O

(cn=cur) a.nd 755cm-1 (aromatic 1r2-disul:stitution).

g- ( 3-:utenrTJ-6;¡¡) -ì:enzenec'liazonium borot''l ur,oricle ( 83c )

The requi-recl cì-ì-a¿ot lrrm borof luori.cle rvas obta-i-ned from

o-- (3-br-rteny'l 6;<r¿) aniline, bv the slanclard rnethocl clescribed

above, cr.s ê colourless powcìer (60t6), t max (nujol)-3100

(cri=crtr), 2275 (r{;), i-055 and tO35 (::rl), 9BO and 930 (cn =c,i2)

describecì abover ãs a co]ourless povzder (S0';á),

nz 31OO lcir=cHr), 2275 tr;!), 1055 and l-O35 (arr; )
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and 76Ocm-1 (a-rornatÍc 1, 2-disu]:stÍtu'Uion) .

g-l,ie thoxybe nz e ne cl Íaz on iun bor of luor i cle

The requtired cliazoniuin borofltiorido r^ras prepareci from

o-metho.xlzanÍ1ine, by the r¡ethod descril¡ed abover ês a
colourless povrder ( g0:,á) .
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6,4. R.f COR"JT):G OF TH,] JILE OIT P¡\1i$"iAGi'flt ï E Oî:ìlUñCE

SP.ICT?¡1,

A VarÍan E9 ê.p.r. spectrometer rùith 100 KHz modulatlon

anrl an ){-band Ï(lystron was used in conjunction v¡ith "r 3-vray

quartz mixing cel-179. splitting constants and g-fact,ors

were measured by compar-ison with an aqueous solution of

Fremyrs salt.

General r;rocedu.re

Three reservoirs were charged rvÍth the following

solut.ions: -
(i) o.00Bi.i-t,i'Lanium (fTI) chloride, 0.0161,i-disodium

ethylenedia¡ninetet.ra-acetate anrJ suffj-cj-ent aqueous

ammonium hydro><ide solut.j-on for the requÍred pFI (7-9),

(ii) 0.0081,i-arenecliazoniu.m boroflu.oricle containing i-ce

and one cirop concentrated sulphuric acid.
( i1j. ) t¡ater (2 1. ) .

The flor,ys from the above reservoirs r^¡ere regulated to ol:tain

the maxi¡rur.m intensity of absorption. 't'he rva-ter i-n reservoÍr
(Í.ii) rva-s used to speed-up the flov¡ througTr the cell in orrJer

to prevent any blocJcages that ilã.1z occuËr For cornpetitÍve

experiments, ethanoJ- or rrìaleÍc acid (2g/I,) or t::i¡nesic

acid (\g/I.) \,¡ere aclclecl to the solution in reservoir (Í).

The solutions j-n all reservoi-rs v,rere deaerateil by bubbling

a. brisk stream of high-purity nitrogen throuc;h them.
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6o5. .ì-lDLrCffOi:iS OF o-¡J.L:¿LO-'aY.lJ:ülZ,äi'1ir Dl-ruZ OLT :r:iJi ! lO:ì O "

FÏ,UO?-LI)' l{r:Tij 'v.\,ìÏlLrS rlllil-ilCIilG R3i:'G-jìiTS

Tho f ollorsinçJ experiments vTere ca-rriecl out: -
(i) j\ soluti-on of the diazonium salt (1.009) in acc-:tone

(SOmI) a.nd distil-Ied v¡ater (lOmI) vras placed in a 2-necl"ecì

flask fitLecl r.¡ith a pressure equalizecl iìroppi-ng-funne1, a

thermo¡ne'ter, ca mâgnetic stÍrrer ba-r ancl a ni-trogeil inlet"

A solutj-on of titanous cl:lor:i.cie 2.25'i/. v/v ín r''¡ater (23.5m1)

was aclcled clropi+íse r¡¡ith stirr-i-ng rnfiilst Lhe reaction

mi>,,ture r,rels keot, at -1Oo under an a.tnosphere of pure

nit:togen. The reacþion m-i:<ture r¿as then stirred aL -1Oo

iror 5 m.i.n., at, Oo for 75 míno ancl aL loo for -l-5 rnin.

The mi>*.ure 1.7as 'Lhen.þoure<ì into v¡ater (200rnl) and e>ltr¿rctecl

v¡ith rnethylene chloricle several tim.es, Tl:e e:<tra-cts v/el1e

v¡ashed r^¡-i-'sh r.¡ate::, cìried (t,igSor-) ancl concontrated. The

residue r,¡¿rs su.bjectecl to short pa.th .11sgf I lation givíng a-n

oil (O,269), .irnalysis of this oil by quant'it'a'tj-ve gas

chromatog.raphy using an internal st¿indard inc.'icatecl th.-rt

only a very small amount of lor,¡ molecular weight p.rocìu.cb. r""r-s

1>resent Ín the oil-.

(ii) The apÞaratus usecl \'Ia-s the sa.iÌìe as in (i-). i\

solutÍon o:í titanous chloricle 2"25','" t¡/v in r'¡ater (23.5m1)

r.¡as acided clroitv¡j-se cìuring l-5 ¡nj-n. with vigorou-s stirri-ng to

a solution of the ciiazoniurr salt (1.00g) in r,¡ater (3OmI)

anil cye'loire><ane (30rn-l-) r.vhi-l-st Ì<eepj-ng the reac'Lion mixtttre
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a-t 1O-l-5o uncJer an atinos,ohere of pure nitrogen. The

s'b.Írring rvas contÍnu.ecl at l-Oo for 15 rein. then a't room

temper.r-ture overnig)-rt. The Ia-yers were separatecì ¿rnil

the aqLleous laver v¡as ex'tracted r,vith sr¡c1ohe,*ið-he o The

combined orga.nic lalzsrs \^iere v.¡ashed with water, dried

(trlarSOr.) .rnd the solvent, removecl b¡z fr.rcti-onatj-on givì.ng

an oil (o.44-g), Analysis by gas chronatography as in (i)

indic.rt.ed that only very small amount of lorv nolecul-ar vrei-ght

proclucts \^¡as present.

(i-Íi) ,Itre a-ppara'cus u-secl rvas l:he sarne as j-n (t), A

solution of the diazonium salt (1.00g) :'-n ice v¡ater (150m1)

was added dropirise rvith sti-rr-ì.ng clu-r:ing 25 min. to a

solution of Litanous chloride I1'. w,/v in r.¡ater (53.51n1) ancl

ethanol (5m,1) rdrilst )<eeping the reactj-on rni>rture at. Oo u.nder

an atrnosphere of pu..re nitrogen. 1'he resu.lting rnixtu.re r,.ra-s

sti:cred at Oo for.e further 30 min,, then r..¡orl<ed-up anci

analysed as in (i), only very smaIl yield of 1or^¡ mol-ecula.::

rreigllt Þrocluc'ts rvas obta-i.ned,

(i-v) In this react,ion, chromous su]pha1-e v¡as used as the

reclu.c-i-ng agent. The recluction 'r.,¡as carríed ou.t as .ln (i).

once again cnly a very Þoor con.version to lory molecular

weight proclucts'.vas realis;ecl.

(v) I'ota-ssium fer::ocyanj-cle was used as the reclucing agent

in this reaction v¡hich r,¡as conductecì a.s the reduction in (iij-).

A very lotv y-telc1 of rzo-l-a-t.rl-e p:fo(lu.cts rr'c-ìs obta-i-nerJ.
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(v:-¡ one reservoir r"ras fillecl wi'Uir a solu-uion of disoclít¡rn

ethyrenedianj-netetra-acetic acÍcl (24,og) in r,rrater (Sooin1).

l'fhilst the conten'ts of the reservoir r.¡ere being cleaerated

ç¡ith a ]¡rísl< strea.m of pure iritrogen an agueou_s solution of
titanous chlorj-de )-5',i tr/v (1O¡¡l) r+as aclclecl to it, follorved
bv pot.assiu-n carbonate (4.0g) "rnd methanoL (Soornr). The

other reservoir coirta_Íned cf.n Íce cold solution of the
<liazonium salt Ín l:l meLlianol-rv'ater mixture (r l, ), The

so-]-uti ons in the trvo reser'¡oi-rs t¡ere allorved to pass througle

a ¡nj-><ing cha-mber over a period of 15 min., and the effluent
collected l.'as allotveci to s:tand ert room temlrerature u.nder an

atmospirere of pure ni-trogen overnight. The reaction rnixtu.re

v¡es then e;<tractecJ 3 times v¡i-1-h penta.ne and 3 times r¿ith
etl-rer. The combined penta-ne e.'ltraeb-s \,'¡ere r./ashecl v¡íLh

saturated br-tne, driecì (itgsor) ancl concen.tra.ted to yield an

oil (O.7J-2cJ). 'Ihe coinlr-i-ned etller e:<tra.cis r./ere r,¡ashed w.ith
sal-ura-tec.l brÍne, clrj-ed (i',igsor.) and coilcen'traLed to yield a

tarrv procìr-rc't (0'0229) " Àr:al1zsi-s of the najor procr.u.ct b1z

'ÇLr,antitai'ive ga"--,r chro¡¡.ato-¡:ca¡:hy usir:g an ì.nternal sta-ndarcl

¡;lror.¡ecl that a-l.lwlo>iz.lr:nzene (o.o1og, 2i(,') and 3-lr,eti-r121--2r3-

cj¡l-hvclroben:¿ofura-n (0" o6lç1, 1l-;r) 1,"'erê 1->::esent. ch::oinan r,/as

not detecLed amongst the proclucts,

(vii) T'hree experimeirts -:,iîrê ca::r:Led ou.i: using tho techniclue

describeil þ Eu.rnetL ancl T.alto]ro*.ru82r-

(a-) 1-o a 2i..'. so-l-ut.!on of sodi-rr-in methoz:r-c.re -tn nethanor (_r-0,n1)
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uncìer an atrûosphere of pure nit.rogen the cliazoniurn salt

(O.243g) v¡as adjed rvith stÍrrir-rg' The mi:<ture r'¡as then

heated u.ncler reflu:; for 5 min., then cooled in an ice l:ath

and poured into r^¡at'er (20n1). ThÍs nrixture v¡as e>rt'ractecl

r.¡ith ether (3 x 2Oml). The corabined ethereal e;<eracts \.¡ere

rr¡ashecl v¡i'b.h water ancl saturated brine, clried (i'igSor) ancl

eoncentrated. Thê residtle v¡as anallzsed 1:y qr-ranti-tat'ive

gas chrornatographir using a-n Ínternal standard. The estÍrnated

yielcìs of 3-rnethyÌ-2, 3-d-thyclrobenzofuran and all-zlo>¡zl¡enzene

\¡zere 2B;3 and 5;'á resl:ect:i-ve1y.

(b) E:.lperiment ryas carried ou{: as -i-n (a) r'¡j-th the excepiiotr

that the iliazonium salt rqa-s acided at Oo. Sstimatecì yÍeIcls

of 3-methyl-2, 3-dihvclroJænzofuran and a1ly1o.--ybenzene \,tere

3Lî/" and 5?á respectively,
(c) Thj-s e><perirnent in a. 2i..Í solut.Íon of soditrm isol>ropo;iicle

in isopropanol (IOiaI) l.zas conclucted as in (a). The

est,iro.r-ted yields of 3-methlz-l-2, 3-dih¡,rdroÌ:euzofuran and

allylosybenz-ene !¡ere 1"5iá and 7Ìá respectively.
' Chronan t..¡as nct cr.e'Lected in any of the recluction ¡:rocìr-rcts Ín

(a), (b) ancl (c).
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6,6, lìi-ìDUCl'JOilS OF tu1Y]. f ODf Ð:lS iii-TH Tiìf -n-liUäYL-

Siii\Ì1lTi).1-lr1

Tri-g-i:utylstannane (l?reparation )

Tire reductíoir of t.ri-n-l>uty-1i:ín chloride v¡iLh li-thiunr

alu¡lÍnÍurn hVdricìe, using the 1:rocedure described jly l(u.1vÍla

ancl l3eumeÌ150, giave the recluired stannane. The stannaue

v,zas flash clistillec-l rr.ncler hiqh vacuLlrl, sealed into small

arnpoules rvhilst st.ill u.ircler vacuum and s'cored j-n tile darl<

at Oo.

Purif i-cati-on of -'l:enzene

1'he benzene usecl i n these reductions r'/as reagenl- gracìe

ancl r,¡as disttLlled from calciun irydrlde.

REDUCT:iOiìS; -

(i) o-j-llyIo>r1ri-odoì:enzene (3ea-¡

(a)

(b)

o-À11¡¡1o.:¡riocìol:enzer'ìe (0.651-59) i+as made up to

Sml r.¡it--h benzene and the solut.i.on i.ias r^reigited.

l\zol¡j-sisobutyronitrile (¡i,. I. 3, i;r. ) (4. Srag) t¡-õJ.s adc'led

Lo this solution. I'íe-rghed 0,5m1 alicluots o-f this

solu.L-lon \,¡erîe nipetLed into ten reactÍon tubes.

îri-n-ilutl¡lstanna-ne (2,42o5g) ¡vas mac'ìe up to l-Oml-

in -l¡enzene ancl the solution r+eig;hec].

Iìeacti-on riÌil'.Llr.re s : -
Tire fo-llor.¡ing r.zeigired aliquots o¡-' {:h.e sta.i"lir¿rne solution

\,/ere placed Ínto the reraetion tu-i:es coirt.aiiri ng the

(c)



(d)

(e)

(f)
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aryl iodide solutions:-

2 x O.3ra1 , 2 :< 0.6m1 , 2 x 1.2m1 and 2 x 2,4101.

Tl-re efght reaction mi>;tures and the two blanks r.vere

each made up to 2,9mL ì:y adcìition of the appropriate

quantity of l:enzene, then sealed under vacuum (0.05mrn)

v¡hilst, frozen in "rn ethanol-drl¡ ice bath.

iì.eduction conditions : -
Tlre tubes r1¡ere heated in the darl< at L27o f-or 24 ]nr.

I,\iork-uÞ lrroeedure : -
Ì'ihen cool the react.Íon tul es were openecl ¿¡nd the

reactioir mi><tures quenched by the additj-on of r,reighed

1.OmL aIiquots of carbon tetrachloride con'taining a

knorvn amount of Ín{:ernal standard.

G.a-s chrorna.toqra-ohic analvsis : -
Each reactfon mi:cture r.,¡as; analysed by gas chromato-

graphy (colurnr: A at. l-3Oo). The area uncler each peari<

\,¡as clete¡:i'nj-ned b1z means of a printing integrrator.

Calibration graphs \,üere obtainecì Ì:y an.rlysing, urrcìe::

lclenLical coi-rdit,ions, accurately i.reighecì rnixtures of

the internal st.andard aird the e,xpec'Lecl .orocluct.s:-

a1 1yI o>qrbenze ne ( 92a-), 3 -rne thyl -2, 3 -cl ihyclro):enz of ur¿+n

( 93a ) ancl chrornan (94a) ,

For t.able of results see folLor.rj-nq page.
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(g) i?esults: -

fnitial
concn.
of BBa

(rnorããZr)

TnÍt,ia1
coflcfl r

of
BurSnJJ

(mol.esl-t)

RelatÍve
yield of

92aw
Relati ve
yiej-d of

93a-'67

iìelative
yÍeld of

94a.
T',,;

i\l:solute
yield of
reduction*

(%)

0.096

0. 0g6

0.086 0,096 o 100 o 7l

0.096 0.086 o 100 73o

0.096 o.I72 trace 100 o quant.

0.0Ê6 o.I72 trace 100 o quant,

0.096 0.34-4 Lrace 100 0 quant.

0.036 o.34-4 trace 100 0 qu.ant.

0.096 0. 6a8 trace 100 o qu.eint,.

0.086 O. 688 trace L00 o quant.

rT î'Jhe::e yielcls a.re l-ess tiran L00;3, 'the startÍng ¡.rateria-'l- (4.3a)
v''as cletected 'in 'i:he têclction ¡ti::ture..;.



(a)

(l:)

(c)

(d)

(c)

(f)
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( i1) o- ( 3 -.luteni¡Ic::;¡) iodol:eirzene ( Sga )

o- ( 3 -:lutenylo:q¡) ioc-'iobc'uzene ( O. 69509 ) in beirzene

( LO:n-l- ) ancl Ä. I . :lr. rì. ( ?¡ng ) .

IrÍ-n-l¡u'tr¡lsi:a.nnane (5,2OO2q) in benzerre (25rn1).

R.eacii-on mi.:.;trlres 3 -
2 >< f'L,Ornl of (*0, 2 -'1( [..onrì- of (a) and O"3n-l of
(b[, 2 >: ft.o,rl o]' (a) and 0.6m1 of (bD, 2 )i p.ont

of (a) + L.2n1 of (:r¡ and 2 >,. p.Ornl of (a) + 2.4mI

of (:r)1 .

.ila-ch mj-:<ture r¡as made u-;: 'to 3,r'-.rnl r.ríth tire ap,,2ropriate

a-mou-nt of itenzene, tiren sealed uncìer vacur-lrm (O,05nun)

rvhi] st irozen..i¡r an ethanol-clry ice bath.

iìeac'Líon conditi-ons : -
Tein'¡:era'Lu.re 3 12goC, t-ì-rne 24I1r-,

i'iorli-u¡: procedu.re : -
i\s in (i).

Gas: chromatoqrai:hi c a-nalr.¡si.s: -
Coh,1r.,1n 3 (initiat- tenr;oeratL)rcr l-OOo (5min. ) then

'proc;rrern:necl to 13Oo) , Calj.br.rtion graphs ob'taj-nec-l

r.rith ¡:r:'-xtu::es of internal s'L,andard and (3-buteityto:qz)-

l:enzeire (92b), 4--meth-ylclrroman ( 93lc) and 2 13 ,4 15-

tei:r.rhyciro-1-l:enzo:leiri-n ( g 4-::) .

For ta-]cle of results see follov¡ing r>ager
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(g) R.esu-lts : -

fni bial
corlcil r
oÍ 89a

(molõ!Z.t- ¡

¿nitial
collclt r

of
3,u.S'nIJ

J

(¡noLes,/1)

;ìr-:Lative
yield of

92!)
r'T

iìelati ve
yÍelcJ of

931:
ET

;ìelative
yielcl of

94ir
TÐ'

Àbsoh.rte
.zi.eld of
reduction*'

(l'"1

0. 032

0.081-

o,oB2 0,o74 13 B7 50o

o.o32 o,a74 15 B5 0 53

0. 081 o. 1.4.9 19 B1 BB0

o. 091 0"L50 20 oBO e6

o,oB2 o,293 25 75 960

0.032 0 "2gg 25 75 o 96

0,081 0"595 ?'fJU 62 0 99

0.092 0,596 37 63 0 98

'* l'.'rhere yields are less ''ehan l-ooii, starting rnater:l-alv¡as detec'bed in the reactioir m.ixtu.res.
(sga)



(a)

(b)

(c)

(d)

(e)

(f)
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(iii) o- (lii-i\.t-1-y1-l{-met}rlrlamlno) iodobenzene (BBb)

N-41l12I-tf-methylaminoiodobenzene (0. 6850g) in

benzene (10¡n1) and,\.f.Il,i'T. (2.5mg),

Trl-n-butylst,annane (2,43IOq) in benzene (10m1) .

React i-on mi>:ture s : -
¿1s Ín (ii).

R.eacti on eonCit-i-ons: -
Ternlrerature! 130-, time 24 T:.r.

lr,lofl:-u.p pf oceduf e ! -

As in (i).

Gas chroma-tocira.nhic analvsi-s : -

Column B (temperature 13Oo). calibration graphs

obtained v¡ith mi:<tures of internal stancìard,

I'í-a11y1-t-T-methylaminobenzene (92c)' l, 3-dimet-hyI-

indol j-ne ( 93c) and iî-meth1zl-l,2 r3 r4-tetrahyciro-

quinoline (94-c),

tror tab-l-e of result,s see f ollorving page.
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(s) R.esu-lts: -

l-nr-traI
COilCfl e

of 981:
(moreãZr )

Initial
COflCll r

of
BurSnïl

(moles,/1)

R.elative
yÍeJ-ci of

92c
r,,¿I

Relative
rzield of

o?^
T,;T

Relative
yielcJ of

94c
T/.1

Àbsolute
yielcl of
recluction*

(rl¡

o.072

0.073

0.073 0.069 04 96 g2

0.073 0.069 3 97 o B2

o.o74 o.146 7 93 o 9B

o,o7 4 o.146 7 93 940

o.o74 0,293 11 89 920

o .o7 4. o ,295 l2 BB o 94

o.o74 0.590 1s B5 0 86

0.073 0.593 15 B5 o 90

*i'ftrere yie-]-ds are less than J-00iá st,arting materi.rl (8Sb)
rras detectr:d in the reaction mi><tures.



(iv) s,- L

-r74-

N- ( 3-Butenyl ) -i'i-rnethylamino ]ioOol'enzene ( 89b)

(a) o-f U-(3-Autenyl)-;.'l-rnethylamino ]1odobenzene (0. 7096q)

(b)

(c)

(d)

(f)

Ín benzene (IOmI) and A. T,B.i'T.

Tri-n-butylstannane (2.44209)

Reaction mi><tures; -
As in (ii).

IteactÍon conditions i -

(3.9m9).

in benzene (10m1).

TemperaLLlre ! 1270, time 241tt,

(e) I,lorl<-up Trrocedure 2 -
As in (i).

Gas chronatoqraphj-e analYsis : -

Column B (Ínitial temperature lOOo (5min.) t'hen

progralnmed to 12oo). Calibrati-on graphs obtaÍned

with mi:<tures of i.T- ( 3-butenyt- ) -lt-methylaminobenzene

(g2d) , 1r 4-ciimethyl-l ,2 r3 r 4-tet'rahydrocluinollne ( 93d )

and ld-methyl-2 ,3 ,41 5-tetrahydro-I-benzazepi-ne ( 94cl ) .

For table of results see follor,'i-ng page.
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(q) Results: -

Initial
concn.
of ggb

(¡no1ãã7r )

Initial
conin.

of
Bua,Snil

(moles,/1)

l?elative
yield of

92d**w
Relati-ve
yÍeld of

93d
G)-

iìelative
yield of

Absolute
yieLd of
reduction'T

(%)
94d
ïtrI

0.073

0. o73

0. o73 0,o74 36 64 500

0.073 0.074 36 64 o 59

' 0.073 O.T4B 20 62 o 95

0.073 0.149 37 63 910

0.073 o,299 43 57 0 85

0"073 0.300 43 57 0 87

0.073 0.600 '48 52 0 B9

0,073 0.599 48 52 0 B5

tk t'.ihere yieLds are less than IOA)L starting material (S9b)
rvas detected in the reaction mi;<t.ures.** Unresolved doublet. (see discussion),



(a)

.-.t7 6-

(v) q-Vinylo>¡¿nethylenef odo'benzene ( 90 )

(1r)

(c)

o-VJ'-rlyloxymet.lryleneioclobenzene (O, 69259) Ín benzene

(l-0nr1) ancl À.I.ß.IV. (6.5mg)"

Tri-n-but.y1s'la.nnane (2 
" 

5 91-49) in ]:enzene (10m1),

Rea.c'tion mi;<Lr:res : -

(d)

l\s r-n ( r-f. ) o

ReacLion condi-tions : -

(f)

Ternpe.ra-tu.re f 7-270 , time 24 i.rrr,

(e ) Ilo.rk-un n::oceclure; -
As in (i).

Cìas ch:ro¡naLoc;rarr:hi-c ana J-r¡sis : -
Column B (Ínitial tem¡:erature lOOo (5 rn.in.) then

prograiirned to :.ioo). ca-librati-on graphs ol¡tainecj wiLh

mi>.<'tures of internal s'tanclarc.l, vinylo>qrmeLhizlene-

benzene ( 95 ) , 1-rnethy'li:htha-lan ( 96 ) and -i-sochroman (97 ) ,

For tal¡le of results see fol.loi.¡ing pageo
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(s) lìesults: -

Initial
concn.
of 90

(mor#/r )

Tnitial
concn,

of
jin^SniI

J
(rnole s/1-)

Relat:Lve
yield of

95
T,Z¡

Relative
yield of

96-G)

:ìelative
yield of

97
G)

.A,bsolute
yielcl of
reduction*

(;a ¡

o.073

0.073

0.073 0,067 23 77 trace 37

0.073 0.093 2A 72 trace 32

0,073 0. I57 37 63 trace 86

0.073 0.152 35 65 trace 68

0.073 0.314 55 45 trace 99

0.073 0.318 55 4s trace 99

0.073 o,62I 77 23 trace 99

0.073 0.603 74 26 trace 96

*l.ihere yields are l-ess than tOO?ú, starting material (90)
v¡as detected in the reactiou mi:<tures.



(a)

(e)

(b)

(c)

(d)

-I7B-

(vÍ) o-.AIlylo>qnnethyleneiodobenzene (91)

o-Allylo>qzmethyleneloclobenzene (0. 6309g) in benzene

(10mI) and A.I.lJ.N. (2.3mg).

Tri-n-burtylstannalre (6,2OO2g) in benzene (25m1-) .

Reaction mi>tures:-

frs 1n (ii) ,

Reaction eonditions!-

Temperature3 I2Bo, time J-2 hr.

i'¡orl(-up procedure : -
ztrs in (i).
Gas chromato<;rar:hi-c analvsi-s : -
Column B (init,ial temperai:r-rre lOOo (5 mln. ) then

programmed to 13Oo). Cali]:rat-ion graphs obta.ined

v¡ith mixtures of internal standard, aIIylo>armethylene-

benzene (98) t 4-rneth¡zlisochroman (99) and homo-

isochronan (100).

For table of results see f ollo,¿ing page.

(f)
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(g) Resu'l t.s: -

J-n].t.l-a I

COIlCfl r
of 91

(moräã/t )

-Ln].tr-aI
COI-ICfI ¡

of
Bu-SnÌi

J

(moIes,/1)

Rel-ative
yield of-

98i1'*
øT

iìelative
yield of

99
GI

iìelative
vieLd of

100w
Absolute
yield of
reduction*

0t¡

0. 036

0. 036

o.o72 0.076 56 44 o I2

o,o72 0.073 58 ¿"2 0 I4

o,o72 0 
" 
I50 65 35 o 20

o,o72 o.J-47 66 34 0 19

o.o72 o.299 77 23 660

o,o72 0.300 76 24 0 69

0.07L o.599 B3 17 B5o

o,o72 0.599 o? T7 B4o

àr 
"'lhere 

1zielc1s are Less than l-00;/", s'carting, nal-eri-al (91)
'(vasi detectecl -in the reaction ni>¡tures.

*:? g¡16so1ved dourbl-et (see discussion).
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( vii ) o.- ( 3-irutenyl ) iocìobenzene ç aSc )

(a) g-(3-i;uten1z1) ioclobenzerre (0' 64559) in benzene

(lOin1) anci i\.T.3.id. (3"5mg).

Tri-n-bui'y1s'Lannane (2.4255g) in benzene (10rn1) .

Reacti on ni->rtu.res ! -

( r')

(c)

(cì)

i\s in (iÍ).

.ñ.eaction conditions : -

(f)

Temperature: 133o, time 24 inr.

(e ) Vùorl<-u1: p¡64;3c,ìlr,re ¡ -

As ín (i).

Gas ehronatogranhic ana-Iysis : -
Colu¡rn A (tem¡:erature 1l-Oo). Calibra-tion graphs

obta'ined r^¡ith mi:<tr:res of lnt.erna1 stancìarcìt

(3-butenyl)benzene (92e) , 1-rnethylincla-n ( 93e) and

tetra.lin (9,1,e).

I¡or tai¡l-e of results see f oIlo'ç.'ing paqe.
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(s) Resu-lts: -

Jnr-ËraJ-
coilcn.
of BBc

(rnorã7r )

Initial
COfICFì ¡

;3u a
J

of
Snil

(no1es/l)

Relat,Íve
y-leld of

92e
GI

rìel at.ive
yield of

93ew
Rel¿rti-ve
yielci of

94e
ø

^trbsoh-rteyÍelcl of
recluction+'

(,o'")

0,079

0.073 o. 067 I 91 trace 60

o.o72 o.067 11 89 trace 66

0.073 0.137 T9 B1 96trace

o,o74 0,139 .. 16 a4 trace 99

0. 073 o,287 37 63 trace quant.

o,o74 o,29r 38 62 trace quant.

o. 073 0.570 50 50 trace quanÈ.

0.073 0.556 50 50 trace quant,

* T,,,rTrere yie-l c1s are less than lOO:r'á, starting materiaÌ laec)
vùas det,ecteil ìn the reaction mixtures'



(a)

(b)

(c)

-lB2-

(viii) g-vtny-lo:gzÍodobenzene (BBd)

o-Vinlzl-o>aríodobenzene (0.06559) -ì-n benzene (1.0m1)

and ¡1. I. B.lf . (0.5mg) .

Tri-n-butylstannane (O.377OE) Ín benzene (L.Omt) .

React-'r-on mi><tu::es ¡ -

fO.S*t of (a), 0.2m1 of (b) and i¡enzene (0.6m1!

and fo.s*t of (a) and O,Bml of (bÙ o

R.eactíon conditions 3 -
Tempera'ture 1300, time 2I inr.

IiTork oeedrr.re ¡ -
i\s in (i).

Gas chromatoqraphi-c a.r"-Ir¡=i", -
Column A (t.empe::aturg 12Oo). Calil:ration g::a-phs

ol:t.ained v¡ith mixtures of internal standard,

vi-nyloxybenzene (92f ) anrl 2,3-clihydrobenzofuran (9¿"f) ,

For table of resul-ts see follov¡ing pager

)

(d)

(e)

(f)
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(g) ResulÈs : -

Init,la1
concn.
of 88d

(molePr)

InitiaL
concn.

of
BurSnI{

(moles,/1)

Relative
yÍeld of

92fw
Relative
yield of

94f
T,E)-

Absolute
yleld of
reduct,ion

(%)

o.092 0.166 100 o 92

0.100 o. 830 100 o 94
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